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APPENDIX  A 


ANALYSIS  OF  INNOVATIVE  CONFIGURATIONS 
1.0  CANARD  CONFIGURATION  CONCEPT 

The  canard  configuration  concept  has  been  extensively  studied  and  applied 
to  a number  of  aircraft.  Applications  to  large  subsonic  cargo  or  transport 
aircraft  are  few,  where  the  basic  configuration  has  a high  aspect  ratio 
wing  and  the  tail  arm  is  large.  An  efficient  transport  requires  a high 
cruise  lift-drag  ratio,  in  order  to  minimize  the  fuel  burned,  which  results 
in  the  selection  of  a high  aspect  ratio  wing.  Additional  cruise  crag  due 
to  trimming  results  from  the  choice  of  an  aft  tail,  canard,  or  elevons. 

In  this  situation,  the  wing  is  the  most  efficient  lifting  element  due  to 
its  higher  aspect  ratio,  thus  the  transport  aircraft  is  relatively  less 
sensitive  to  the  trim  concept  selected,  as  compared  to  combat  aircraft 
types  which  utilize  low  aspect  ratio  wings.  Other  requirements  for  trans- 
ports include  a good  high-lift  system  and  loading  flexibility,  which  requires 
a large  center  of  gravity  range. 

As  relatively  large  tail  arms  are  available  for  transport  aircraft,  the  use 
of  a canard  rather  than  a tail  will  not  result  in  a significantly  improved 
cruise  lift-drag  ratio.  The  canard  configuration  obtains  a low-speed 
advantage  in  that  trimming  the  airplane  with  a upward  lift  can  result  in  an 
increase  in  flaps-down  lift.  Trimming  may  be  restricted  to  lower  flap 
angles  because  of  required  margins  on  the  maximum  lift  capability  of  the 
canard.  Thus,  tody  angles  of  attack  during  approach  may  be  higher.  High 
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lift  devices  may  be  needed  on  the  canard.  Reliability  and  fail-safe  systems 
are  essential.  Directional  instability  can  result  from  vortices  shed  from 
canards.  The  effect  of  the  canard  vortices  can  be  altered  by  planform  ana 
location  changes  which  require  wind  tunnel  testing.  For  these  reasons,  the 
canard,  as  applied  to  a military  transport  aircraft,  is  regarded  as  a 
relatively  high  risk  at  this  time,  pending  further  development  to  resolve 
these  major  points. 

Studies  dealing  with  canards  applied  to  commercial  aircraft  are  discussed 
in  References  1 and  2.  Use  of  the  canard  in  these  applications  emphasized 
the  potential  for  improvements  in  landing  performance  ana  reductions  in 
approach  noise.  Only  small  improvements,  if  any,  were  predicted  in  cruise 
lift-drag  Reference  3 discusses  the  SAAB  Viggen  37,  which  is  frequen- 
tly cit  .^cessful  canard  application.  The  results  of  wind  tunnel 

and  flighc  testing  regarding  the  favorable  interference  achieved  with  this 
close-coupled  canard  and  wing  configuration  are  discussed.  ,’<ote  that  these 
results  were  achieved  for  low  aspect  ratio  planforms  of  the  canard  and 
wing.  The  size  and  location  of  the  canard  with  respect  to  the  wing  is  also 
fairly  unique  for  achievement  of  favorable  lift  interference.  References 
4,  5 and  6 discuss  the  application  of  canards  to  combat  aircraft  and  show 
lift-drag  comparisons  with  aft  tails.  One  set  of  study  results  shows 
higher  lift-drag  ratios  at  fi  = .35  for  an  aft  tail  configuration  relative 
to  the  canard  case,  when  comparable  single  vertical  tail  configuration  data 
are  examined.  It  is  thus  evident  that  application  of  canards  must  be 
considered  on  an  individual  configuration  basis.  Significant  performance 
improvements  due  to  application  of  a canard  to  a large  military  transport 
do  not  appear  very  probaole. 
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Exploratory  studies  on  concepts  leading  to  possible  reductions  in  drag  have 
included  the  tandem  wing  configuration.  Possible  advantages  include; 
reduced  wing  weight  --  since  two  smaller  wings  should  be  lighter  than  a 
single  large  one,  reduced  parasite  drag  due  to  elimination  of  empennage, 
and  further  drag  reduction  by  laminarization  of  shorter  chord  surfaces  at 
lower  cruise  Reynolds  numbers.  Possible  disadvantages  of  this  configuration 
include;  difficulty  in  locating  the  powerplants,  increased  drag-due-to-lift 
due  to  lifting  system  interference,  difficulty  of  providing  takeoff  rotation 
capability,  and  inherent  structural  advantages  may  be  eliminated  due  to  the 
high  inertia  loads  (produced  by  the  crash  load  design  criteria  on  the  high 
rear  wing).  Initial  preliminary  v/eignt  estimates  indicated  that  an  improve- 
ment in  the  empty  weight  fraction  in  the  order  of  lO  percent  might  be 
possible.  Based  upon  this,  further  work  was  accomplished  in  order  to 
evaluate  this  configuration  in  more  detail. 

The  concept  was  applied  to  a commercial  transport,  meeting  the  requirements 
for  intermediate  range  capability,  and  these  basic  studies  are  discussed  in 
References  7,  8 and  9.  These  results  are  relevant  to  the  military  cargo 
transport  configuration  as  the  volume  requirements  and  overall  efficiency 
goals  are  similar. 

Results  of  configurations,  structures  and  aerodynamic  studies,  including  a 
low  speed  wind  tunnel  test,  indicated  the  following:  (a)  a satisfactory 

solution  to  the  balance  problem  appears  very  difficult  with  the  location  of 
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tne  engines  and  wing  on  the  rear  of  the  fjselage,  (b)  v/eight  benefits  due 
to  the  advantages  in  the  configuration  were  offset  because  of  tne  weight 
penalty  due  to  the  high  rear  wing  inertial  loads  (as  required  *or  crash 
protection),  and  the  drag-oue-tc-lift  is  30  percent  worse  than  a comparable 
monoplane  configuration.  Wind  tunnel  test  results  confirmed  the  higher 
drag-due-to-1 ift  values,  as  predicted  by  theory  of  Reference  10,  for  example. 
Based  upon  these  findings,  the  tandem  wing  configuration  is  not  a suitable 
candidate  for  a military  cargo  transport  at  this  time. 

3.0  TAIL-LESS  CONFIGURATION  CONCEPT 

The  configuration  considered  here  is  one  in  whicn  the  payload  is  entirely 
carried  within  a body  and  not  in  the  wing.  The  distributed  load  concept, 
in  which  the  payload  is  carried  in  the  wing,  is  being  studied  separately  by 
Boeing  and  other  contractors. 

This  configuration  most  likely  would  have  a wing  with  some  sweepback  ana  a 
thickness  ratio  similar  to  current  jet  transports.  Elevons  would  probably 
be  usea  for  control  and  trim.  Small  vertical  tails  may  also  be  required. 

The  tail-less  configuration  has  traditionally  been  assessed  and  examinee 
with  respect  to  its  obvious  performance  potential.  The  pure  flying  wing 
concept  was  based  upon  maximizing  the  ratio  of  maximum  lift  to  minimum 
parasite  drag  when  cempareo  to  conventional  arrangements.  This  same  figure- 
of-merit  may  also  be  applied  to  the  tail-less  configuration  ..nder  considera- 
tion here.  In  this  case,  a thinner  wing  is  used  as  the  payload  is  in  a 
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conventional  fuselage.  The  ratio  of  minimum  parasite  drag  coefficient  for 
all  wings  airplanes  comparea  to  conventional  types  is  approximately  1:2. 

For  the  tail-less  concept  considered  here,  the  ratio  would  be  slightly  less 
favorable. 

i 

The  low  speed  performance  is  restricted  because  of  the  limited  ability  to 
trim  out  the  large  pitching  moments  which  occur  with  high  lift  devices. 
Depending  upon  the  takeoff  and  landing  performance  required,  this  could 
result  in  a penalty  if  the  wing  is  not  sized  for  predominately  cruise 
considerations.  Values  of  trimmed  maximum  lift  coefficient  in  the  order  of 
1.7,  have  been  noted  in  published  reports,  which  is  considerably  less  than 
3.0  for  conventional  configurations.  Because  the  elevens  are  used  for  trim 
as  well  as  control,  the  trimmed  c.g.  range  is  only  5 or  6 percent  compe'^ed 
with  conventional  values  in  the  order  of  12  or  14  percent.  This  narrow 
c.g.  range  reduces  desired  versatility  in  loading  which  is  needed  for  cargo 
transports. 

In  general,  a wel 1 -uevel oped  automatic  flight  control  system  is  necessary 
for  this  type  of  aircraft.  All-wing  aircraft  have  a very  low  cross-wind 
derivative;  tnus  a low  side  force  results  from  side-slip.  Some  cross-wind 
force  is  required  for  precision  flight  such  as  tight  formation  flying  or 
landing.  Dynamic  longituainal  response  to  gusts  is  such  that  the  disturbance 
may  perturb  the  aircraft  further  from  the  trim  attitude,  thus  requiring 
more  active  pilot  control.  Dutch  roll  is  more  critical  because  of  the 
combination  of  relatively  large  effective  dihedral  and  low  weathercock 
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stability.  Spinning  and  tumbling  cnaracteristics  would  also  have  to  be 
studied  in  detail  for  specific  designs.  Spin  was  a problem  on  some  all- 
wing prototype  aircraft. 

There  are  a number  of  references  available  pertaining  to  the  development  of 
this  type  of  aircraft.  Northrop,  in  Reference  11,  discusses  in  depth  the 
problems  associated  with  tail-less  aircraft.  Askensas,  in  Reference  12, 
shows  results  of  a parametric  study  in  which  wing  thickness  ratios  of  over 
12  percent  are  predicted  for  best  performance.  A wing  thickness  ratio  of 
less  than  12  percent  thickness  ratio  is  predicted  as  optimum  for  wing-body 
configurations.  Lange,  in  Reference  13,  discusses  a swept-wing  tail-less 
design  in  a recent  paper,  and  forecasts  reduced  fuel  consumption  for  such  a 
concept.  However,  he  concludes  that  realization  of  its  performance  potential 
will  depend  upon  the  extent  to  which  development  programs  are  applied  to 
this  design. 

For  the  reason  of  low  trimned  maximum  lift  coefficients,  and  stability  and 
flight  control  questions,  the  tail-less  configuration  --  with  the  payload 
carried  in  the  body  --  is  considered  unsuitable  for  application  to  a military 
cargo  transport  without  considerable  technical  development. 

4.0  OBLIQUE  WING  CONFIGURATION  CONCEPT 

The  oblique  wing  concept,  as  applied  to  a large  military  cargo  transport, 
has  been  reviewed.  The  findings  relative  to  this  configuration  application 
are  as  follows.  With  aft  fuselage  mounted  engines,  loadability  and  center 
of  gravity  travel  problems  result.  Placing  the  engines  on  the  wing  to 
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solve  the  balance  problem  produces  aerodynamic  interference  and  mechanical 
reliability  problems,  as  an  engine  swiveling  arrangement  is  required. 
Tailored  pylon  wing  intersections  for  individual  nacelle  locations  would 
have  to  be  developed.  Aerodynamic  coupling  between  the  longitudinal  ana 
lateral  motions  exist  which  will  require  modified  control  techniques.  A 
slight  weight  penalty,  relative  to  the  reference  configuration,  probably 
exists  due  to  the  pivot  arrangement.  Consioerable  mission  flexibility 
exists  due  to  the  variable  wing  sweep  feature.  Cruise  lift-drag  ratios 
will  be  about  the  same  as  for  the  reference  configurations  at  ccmparible 
structural  aspect  ratios.  Because  these  problems  represent  a high  develop- 
ment risk,  and  there  is  a slight  performance  panelty  in  carrying  out  the 
basic  mission,  this  concept  is  considered  unsuitable  for  the  large  military 
cargo  transport  application. 

Studies  on  the  oblique  wing  concept  have  been  conducted  for  transonic  as 
well  as  subsonic  cruise  applications.  Transonic  commercial  transports  have 
been  configured  using  this  concept  for  proposes  of  eliminating  sonic  booms 
associated  with  overland  flights  with  attendent  significant  time  savings. 
Kulfan  and  Jones,  in  References  14  and  15,  show  comparisons  with  other 
fixed  delta  wing  and  variable  swept  wing  configurations.  Application  of 
this  concept  to  the  subsonic  cruise  speed  regime  has  also  been  studied  by 
Lange  in  Reference  16.  A military  transport  configuration  was  included  in 
this  study. 
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'-^hile  il  seems  clear  chat  the  oblique  wing  can  generate  higher  lift-drag 
ratios  in  the  transonic  speed  range,  it  is  not  clear  tnat  such  an  unusual 
arrangement  could  be  successfully  adapted  to  a complete  aircraft  configura- 
tion. The  oblique  wing  aircraft  concept  introduces  some  new  problems  anc 
considerable  effort  nas  been  devoted  to  finding  a good  general  arrangement. 
Engine  and  landing  gear  locations  pose  configuration  problems  which  are 
difficult  to  solve  because  of  balance  or  drag  interference  considerations. 
Also,  factors  such  as  increased  structural  weight,  aeroeleastic  instability, 
or  other  configurational  features  tend  to  nullify  the  purely  aerodynamic 
efficiency  advantage. 


Boeing  study  results  for  a M = 1.2  oblique  wing  200  passenger  transport 
showed  that  this  configuration  had  the  lowest  gross  weight  required  for  a 
3000  mile  range  mission.  The  fixed  de’ ta  wing  configuration  required  about 
10  percent  more  gross  weight  to  accomolish  the  same  mission.  The  lift-drag 
ratio  of  the  delta  configuration  was  significantly  lower  than  for  the 
oblique  wing  configuration,  which  offset  the  higher  structural  weight 
efficiency  advantage. 


The  oblique  wing  configuration  adopted  for  these  studies  featured  engines 
installed  on  the  aft  portion  of  the  body.  A balance  and  loading  analysis 
indicated  a center-of-gravity  range  of  25  percent  M.A.C.  Forward  allast 
was  required  for  low  payloads.  Selective  fuel  management  with  an  aft  body 
fuel  tank  allowed  the  minimization  of  cruise  trim  drag.  The  slightly 
higher  structural  weight  of  the  oblique  wing  was  not  primarily  associated 
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with  the  variable  geometry  feature,  but  rather  it  was  the  result  of  the 
basic  strength  requirements  of  the  high  aspect  ratio  wing.  The  effect  of 
the  higher  aspect  ratio  produces  an  advantage  in  aerodynamic  efficiency,  as 
the  drag-due-to-l ift  is  reduced.  Anotner  major  performance  difference 
results  due  to  reduced  wave  drag. 

The  subsonic  oblique  wing  transport  study  of  Reference  3 built  upon  the 
previously  cited  transonic  studies.  There  is  a significant  size  effect, 
however,  in  the  requirements  established  for  a military  transport  when 
compared  to  the  domestic  passenger  transport  initially  studied.  Gross 
weights  are  in  the  order  of  1.3  million  pounds  and  six  engines,  of  60,000 
pound  thrust  each,  are  required.  The  size  effect  produces  major  configura- 
tion problems  for  a transport  aircraft  from  the  standpoints  of  balance, 
when  the  payload  is  a high  percentage  of  the  gross  weight  ana  the  engines 
are  mounted  on  the  wing.  These  problems  were  also  noted  on  the  much  smaller 
transonic  aircraft,  but  to  a lesser  degree. 

5.0  RAM  WING  CONCEPT 

Ram  wing  is  a general  term  which  stands  for  any  lifting  surface  operating 
in  the  proximity  to  the  ground  or  other  solid  boundary.  Theoretical  studies 
have  shown  that  the  induced  drag  of  a planar  wing  flying  at  a given  lift 
decreases  steadily  to  zero  as  the  ground  is  approached.  To  utilize  this 
drag  advantage,  however,  requires  an  extremely  low  altitude  cruise  mode. 

This  perhaps  precludes  its  operation  as  an  all  weather  system.  Despite 
obvious  practical  problems,  interest  has  been  shown  in  maritime  applications 
of  this  concept. 
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Indications  are,  that  for  overwater  operation,  the  lifting  surfaces  will 
need  to  be  of  low  aspect  ratio  in  order  to  withstand  wave;  impact,  thus 
increasing  induced  drag.  On  the  other  hand,  the  water  surface  will  behave 
in  a manner  similar  to  a solid  ground  plane  in  tending  to  reduce  this  drag 
component.  In  practice,  it  appears  most  likely  the  minimum  operating  height 
will  be  limited  by  the  need  to  minimize  wave  impact.  As  a result,  there 
will  be  a lower  bound  to  the  possible  reduction  of  induced  drag.  Also,  in 
order  to  obtain  sufficient  clearance  over  water  for  rough  sea  states  a very 
large  size  is  required,  which  is  a disadvantage  of  the  ram  wing  concept. 

Advantages  of  the  ram  wing  concept  are  that  high  values  of  lift-drag  ratio 
are  possible  as  a result  of  flight  operation  in  the  ground  effect,  '.ihen 
end-plated,  an  aspect  ratio  2.0  wing  may  have  lift-drag  ratios  of  from  20 
to  40  in  ground  effect.  Use  of  a low  aspect  ratio  wing  results  in  high 
structural  efficiency,  so  the  estimated  empty  weight  fraction  is  low. 

Ashill,  in  Reference  17,  extends  planar  wing  induced  drag  ground  effect 
theory  to  the  end-plated  case,  which  is  of  interest  for  the  ram  wing  design. 
Lange,  in  Reference  18,  discusses  a ram  wing  design,  which  utilizes  the 
benefits  of  reductions  in  induced  drag.  The  wing  geometry  selected  is 
Aspect  Ratio  2,  sweep  angle  zero  degrees,  and  thickness  ratio  15  percent. 

The  wing  span  for  this  configuration  is  245  feet  and  cruise  is  at  12  feet 
altitude.  The  gross  weight  was  1.2  million  pounds.  Turboprop  power  was 
utilized  for  a cruise  speed  of  110  knots.  The  additional  References  19  and 
20  discuss  topics  related  to  the  ground  effect  wing  concept,  and  utilize 
the  theory  developed  by  Ashill  in  Reference  17. 
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The  ram  wing  configuration  is  considered  unsuitable  for  apolication  to  a 
military  cargo  transport  design,  because;  (a)  the  cruise  altitude  constraint 
severely  restricts  the  versatility,  (b)  the  overall  design  would  require 
extensive  development  period,  (c)  size  constraints  preclude  selection  of 
anything  but  a very  large  vehicle. 


11 


REFERENCES 


Howard,  W. , Application  of  Canards  to  Subsonic  Commercial  Airplanes, 

Bemo  B-3320-904,  May  20,  1974. 

Eldridge,  A.,  Landing  Performance  When  Trimmed  wit  a Canard,  Coordination 
Sheet  2707-AER0-804,  October  1968. 

Kl inker,  0.  and  Dahlstrom,  E.,  SAAB  Viggen  and  its  First  Flight  Test 
Phase,  Paper  given  to  the  Society  of  Experimental  Test  Pilots. 

Goldstein,  S.  E.  and  Combs,  C.  P.,  Trinmed  Drag  and  Maximum  Flight 
Efficiency  of  Aft  Tail  and  Canard  Configurations,  AIAA  Paper  No.  74- 
69,  February,  1974. 

McKinney,  L.  and  Oollyhigh,  S. , Some  Trim  Drag  Considerations  for 
Maneuvering  Aircraft,  Journal  of  Aircraft,  August,  1971. 

Burns,  8.  R.  A.,  The  Design  and  Development  of  a Military  Combat 
Aircraft,  Part  3,  Interavia,  June,  1976. 

Hallstaff,  T. , Tandem  Wing  Progress  Review,  M = 0.80  Turbulent  Flow 
Configuration,  Coordination  Sheet  PD-AERO-75-08,  February  1975. 


12 


8.  Halstaff,  T.  , Tandem  '/Jing  Study,  Coordination  Sheet  PD-AERO-75-13, 
February,  1975. 

9.  Tolzmann,  S.,  Wind  Tunnel  Test  Summary:  Wing  Location  Study  for  a 

Tandem  Wing  Configuration,  UWAL  1153,  March  1975. 

10.  Glauert,  H. , The  Performance  of  Tandem  Systems,  British  R&M  No.  949, 
December,  1922. 

11.  Northrop,  J.  K. , The  Development  of  All-Wing  Aircraft,  The  Royal 
Aeronautical  Society,  35th  Wright  Brothers  Lecture,  1947. 

12.  Ashkenas,  I.,  Range  Performance  of  Turbojet  Airplanes,  Journal  of  the 
Aeronautical  Sciences,  February  1948. 

13.  Lange,  R.  H.,  Design  Concepts  for  Future  Cargo  Aircraft,  AIAA  Paper 
75-306,  February  1975. 

14.  Kulfan,  R.  il.,  et  al , High  Transonic  Speed  Transport  Study,  NASA  CR- 
114658,  September  1973. 

15.  Jones,  R.  T.  and  Nisbet,  J.,  Transonic  Transport  Wings  --  Oblique  or 
Swept?  Astronautics  and  Aeronautics,  January  1974. 


13 


16.  Lange,  R.  H.,  An  Analytical  Study  for  Subsonic  Oblique  Wing  Transport 
Concept,  Lockheed-Georgia  Company,  Marietta,  Georgia,  Contract  No. 
NAS2-8686,  NASA-Ames  Research  Center,  Final  Oral  Review,  June  22, 

1976. 

17.  Ashill,  P.  R.,  On  the  Minimum  Induced  Drag  of  Ground-Effect  Wings,  the 
Aeronautical  Quarterly,  Auust  1970. 

18.  Lange,  R.  H.,  Design  Concepts  for  Future  Cargo  Aircraft,  AIAA  Paper 
75-306,  February  1975. 

19.  Barrows,  T.  and  Widnall,  S.,  Optimum  Lift-Drag  Ratio  for  a Ram  Wing 
Tube  Vehicle,  AIAA  Journal,  March  1970. 

20.  Mamada,  H.  and  Ando,  S.,  Minimum  Induced  Drag  of  Semi-Elliptic  Ground 
Effect  Machine,  Journal  of  Aircraft,  May  1974. 


14 


DESIGN  =*r 


»"**CCNF  I Go«  A"] 


charactesistics 


WING  - - - 
AREAS 

ts'apezcidaT  reference' 
aercdynakic  reference 

WETTED 
GLCVS 
YAHUOI 
AILERONS 
SPGILERS 
SPANf  FEET 

TRAPEZOIDAL  CHGRQS»  FEET 
R2CT 

' 'S.G.B. 

TIP 
- «GC 

CHORD  OF  THE  CONSTANT  SECTION 

S W £ E P S>  DEGREES 
LEADING  EDGE 
QUARTER  CHCRD 

Trailing  so g e 
GLOVE  leading  EDGE 
YAHUDI  trailing  EDGE 
■ AVER  AGE /EXPOS  ED »STR£AM„IS £ T/C 
STRUCTURAL  T/C 
TRAPEZOIDAL  ASPECT  RATIO 
aTrc  r'ef.  AS?ECT''RATID 
trapezoidal  TAPER  RATIO 
AERO  REF.  TAPER  RATIO 
CESTGSTTTFT'L  lIcTriCT  tNT 
FUEL 
WING 
BODY 
TOTAL 


FUSELAGE  - 

LENGTH/  FT. 

HAXIMU.1  WIDTH 
r A XI  MUM  DEPTH 
structural  wETTEO  AREA 
a'EROOYNAHIC"  pETTED  area 
NOSE  FINENESS  PATIO 

BODY  FISEN£SS_FATIO 

AFT  BODY  CLOSURE' aNGTE” 
AFT  BODY  UPSWEEFANGLE 
AFT  BODY  UFSwEEP  AREA 


7135.333 

7133.333 
123<»6.597 

.'CCD 
.000 
300.860 
32  9.32'5 
238.886 

w3Tory 

AO. 222 
16.716 
31.782 
AO. 376 


10.000 
6.917 
-2.508 
A6.500 
18. COO 

.loco 

.1A39 
8.CC0 
8 .dOCT 
.3o9 
.A156 
. AC  O ' 

A22123 

0 

A22123 


281.670 

25.29W 

25.29A 

202QA.6ei 

19126.131 

1.5C0 

11.136 

rsToc'o 

8,500 
■671. A7h 


w 


DESIGN  =1__ 


• *»»CCKF  IG'JRATION  CHA^ACTckISTICS  - 


riGRIZGNTiL  TAIL  - - - 
AREAj  FT2 

RJFERENC_E_ 

EXFL3ED  rlANFCRil 
WETTED 

span>  feet 
CH  a P'07"  FE  E T 
ROOT 
TIP 

frOrtENT  ARrif  F*£ET 


16^4. 348 
1404 .144 
2643 . 890 
^._206_ 

3C.b73' 

11.922 

“TT<rT9T7‘ 


leading  edge  S>^EEP 10.0 00 

AVERAGE  TXC  .09‘20- 
TAPER  RATIO  .389 
ASPECT  RATIO  3.625 
VOLUME  COEFFICIENT  . .95Cr 


vertical  tail  - 

AREA»"pf2' 

REFERENCE  868.637 

EXPOSED  PLANFCSM  668.637 

WETTED  " 1763.560 

HEIGHT.  FEET  37.651 

CHORD.  FEET 

■"ROCT"  - - - - '33.226 

TIP  12.915 

MOMENT  ARM.  FEET  129.005 


leading  EDGE  S'^EEP  IC.OqO 

AVERAGE  T/C  .1000 

TAP'ER  kATIC  " T389 

ASPECT  RATIO  1.632 

VOLUME  COEFFICIENT  .066 


NACELLES  

number  4.0C0 

FINENESS  RATi'C  ' ' 2.5'60 

CLOSURE  angle  12.0C0 

Dl EXIT) /D(MAX  ) .624 

'"DESIGN  INLET  MACH' NO.  .6500 

(ARC  HT)/(LcNGTH)  .052 

STRUT  T/C  .ICO 


ENGINE'S 

_ engine  manufacturer  

engine' hccEL 

SEA  level  FEFEREl-CE  TnRLST 

_ scale  factor 
' ' ' SFC  CCNSERVaT ism 


3315C.CCO 


1.624 
1 .050 


J 
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DESIGN  =i1 


* * * * C CNF  I G U R A T I C N_C  H A R A Cj  t R I 5 T 1 C_S  j:_2  * * *■* 


Landing  gear - - 

Nu.  flAlN  TIRES  ZA  .UCO 

NAIN,TRUNICn  TG  _AXLE 136. 07S 

NOSE^TRJnIuN'  TO  aXLE“‘  ' '116.C75' 

GEAR  POD 

LENGTH  " ■ 5 3.000  ' 

WETTED  AREA  17A9.3b7‘ 

I/O  5. COO 


CARGO  COMPARTMENT-  


compartment  height 

16.000 

compartment  width 

16.000 

compartment  length 

208.333 

compartment  VOLUME 

53333.333 

PAYLOAD  density 

7.50G 

PAYLOAD  WEIGHT 

‘acoogc.o 

PAYLOAD  SIZED  _T0  INPUT  COMPARTMENT 

DIMENSIONS 

_ .DESJGN  #1  . 


GRCUP  «£IGHT  SU.'IrtAkY 
hCDEL'lO^^.'o'OO 


WING 

HORIZrNTAL  tail 
VERTICAL  Tail 
‘bodT  ■ 

LANDING  GEAR 

_N^J  Lj.  E S TR  UC TUR  E 

■'STRUCTURE'' 

ENGINE 

ENGINE  A'CC.  AND  INSTL. 
FUEL  SYSTEM 
ENGINE  CDNTRDLS 
starting  SYSfEM" 

THRUST  REVERSERS 
^0_P  ULS  ^ON 

AUXILIARY  POWER  UNIT 

INSTR.  AND  NAV  ECL^?. 

■ S'U  R F'  A C E'  CONTROL  S'  " 
HYDRAULICS 
ELECTRICAL 
AVIONICS 
ARMAMENT 

furnishings  equip. 

"air  CDND.  and  ANTI-ICIN'G' 
3LC  CISTRI3UTICN 
auxiliary  gear 

FIXED'EQUIFmEnT  ■ 


119  9 9i> 
135C2 
fc254 
'i3  7 5‘A0' 
558bA 
lCfcZ.3 
'317o58 

36359 

S'9'0' 

2725 

200 

2'UO' 

89A7 

51021 

93O 

960 

■~rC328 

5465 

3440 

345C' 

C 

7532 

"“5C36' 

0 

2050 
-'3  9191" 


* 

i 

WEIGHT  EMPTY 

4C787U 

CREW 

CREw  PROVISIONS 

'"'CIL  AND  trapped  oil 

UNAVAILA3EL  FUEL 

nonexpendable  useful  load 

129C 

350 

■w'li 

844 

2695 

■X 

OPERATING  weight 

410766 



MSSICN  GROSS'  "WEIGHT 

1070000 

i 

AM  PR  weight 

343439 

If 
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DESIGN  #1 


MISSION  SUMMARY  DATA  FOR  MISSION  FERRY  1 


Ferry  Mission  Gross  Weight,  1000  _bs. 

Ferry  Payload,  1000  Lbs. 

Ferry  Range,  N.M. 

Total  Ferry  Fuel,  1000  Lbs. 

Reserve  Fuel,  Lbs. 

Mission  Fuel,  1000  Lbs. 

Average  Mission  Range  Factor,  Taxi-Climb-Cruise 
Loiter  Time,  Mrs. 

Loiter  Radius , N.  Mi . 

Zero  Loiter  Time  Radius,  N Mi. 

Wing  Loading,  PSF 
Thrust  To  Weight  Ratio 
Takeoff  Gross  Weight,  1000  Lbs. 

Operating  Weight,  1000  Lbs. 

Take  Off  Distance,  Feet 
Landing  Distance,  Feet 
Wing  Area,  Sq.  Ft. 

Cruise  Out  Range  Factor,  NM 
Cruise  Out  SFC 
Cruise  Out  L/D 
Cruise  Out  Drag 


1070.000 

400.000 
3566.945 

259.234 

24984.102 

234.250 

14436.128 

7.808 

127.028 

1783.473 

150.000 
.226 

1070.000 

410.766 

8060.767 

4092.729 

7133.333 

15150.406 

.617 

22.174 

47298.230 


C.O. 

Thrust 

Available,  Lbs 

- 

66477. 

,703 

LEG. 

LEG 

CON- 

INT. 

INT. 

INT. 

FINAL 

FINAL 

NO. 

NAME 

FIG 

PWR 

DIST 

TIME 

WEIGHT 

MACH 

ALT 

WEIGHT 

MACH 

1 . 

Takeoff  3 

1 .0 

6.0 

.0 

.052 

1070000 

.000 

.0 

1066720 

.000 

2. 

MAXRCL 

1 .0 

5.0 

127.0 

.326 

1066720 

.471 

.0 

1048777 

.746 

3. 

Cruise  3 

1 .0 

6.0 

3439.9 

7.569 

1048777 

.786 

32203.4 

835750 

.786 

4. 

Loiter 

1 .0 

6.0 

.0 

.500 

835750 

.312 

.0 

823727 

.312 

5. 

Cruise  2 

1 .0 

6.0 

127.0 

.284 

842843 

.780 

35896.4 

835750 

.780 

6. 

Loiter 

1 .0 

6.0 

.0 

7.808 

1048777 

.739 

32197.6 

842843 

.684 
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DESIGN  #2 


CONFIGURATION  CHARACTERISTICS 


WING 

AREAS 


TRAPEZOIDAL  REFERENCE 

8791.946 

AERODYNAMIC  REFERENCE 

8791.946 

WETTED 

15465.358 

GLOVE 

.000 

YAHUDY 

.000 

AILERONS 

377.410 

SPOILERS 

400.345 

SPAN,  FEET 

265.209 

TRAPEZOIDAL  CHORDS,  FEET 

ROOT 

47.886 

S.O.B. 

45.076 

TIP 

18.416 

MGC 

35.325 

CHORD  OF  THE  CONSTANT  SECTION 

44.939 

SWEEPS,  DEGREES 

LEADING  EDGE 

11.000 

QUARTER  CHORD 

7.904 

TRAILING  EDGE 

-1.598 

GLOVE  LEADING  EDGE 

46.500 

YAHUDI  TRAILING  EDGE 

18.000 

AVERAGE, EXPOSED, STREAMWISE  T/C 

.1000 

STRUCTURAL  T/C 

.1439 

TRAPEZOIDAL  ASPECT  RATIO 

8.000 

AERO  REF.  ASPECT  RATIO 

8.000 

TRAPEZOIDAL  TAPER  RATIO 

.385 

AERO  REF.  TAPER  RATIO 

.4086 

DESIGN  LIFT  COEFFICIENT 

.400 

FUEL 

WING 

578698 

BODY 

0 

TOTAL 

578698 

FUSELAGE  

LENGTH,  FT. 

281.670 

MAXIMUM  WIDTH 

25.294 

MAXIMUM  DEPTH 

25.294 

STRUCTURAL  WETTED  AREA 

20204.681 

AERODYNAMIC  WETTED  AREA 

18943.951 

NOSE  FINENESS  RATIO 

1.500 

BODY  FINENESS  RATIO 

1 1 . 1 36 

AFT  BODY  CLOSURE  ANGLE' 

15.000 

AFT  BODY  UPSWEEP  ANGLE 

8.500 

AFT  BODY  UPSWEEP  AREA 

671 .474 
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DESIGN  #2 


CONFIGURATION  CHARACTERISTICS 


HORIZONTAL  TAIL  

AREA,  FT2 

• REFERENCE  2076.593 

; EXPOSED  PLANFORM  1772.826 

WETTED  3590.579 

SPAN,  FEET  86.764 

CHORD,  FEET 

ROOT  34.572 

TIP  13.295 

I MOMENT  ARM,  FEET  130.977 

' LEADING  EDGE  SWEEP  11.000 

AVERAGE  T/C  .0920 

' TAPER  RATIO  .385 

ASPECT  RATIO  3.625 

VOLUME  COEFFICIENT  .876 

VERTICAL  TAIL  

AREA,  FT2 

REFERENCE  1178.136 

EXPOSED  PLANFORM  1178.136 

WETTED  2391.831 

HEIGHT,  FEET  43.849 

; CHORD,  FEET 

ROOT  38.811 

TIP  14.925 

i MOMENT  ARM,  FEET  129.005 

s LEADING  EDGE  SWEEP  11.000 

AVERAGE  T/C  .lOtO 

TAPER  RATIO  .385 

ASPECT  RATIO  1.632 

VOLUME  COEFFICIENT  .065 

NACELLES  

NUMBER  4.000 

FITNESS  RATIO  2.560 

F CLOSURE  ANGLE  12.000 

1 D(EXIT)/D(MAX)  .624 

f DESIGN  INLET  MACH  NO.  .6500 

. (ARC  HT)/(LENGTH)  .052 

STRUT  T/C  .100 

ENGINES  

ENGINE  MANUFACTURER  GENELEC 

ENGINE  MODEL  STEDLEC 

SEA  LEVEL  REFERENCE  THRUST  33150.000 

. SCALE  FACTOR  2.213 

SFC  CONSERVATISM  1.050 
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DESIGN  «2 


I 


CONFIGURATION  CHARACTERISTICS  - 2 


LANDING  GEAR  

NO.  MAIN  TIRES 
MAIN,  TRUNION  TO  AXLE 
NOSE,  TRUNION  TO  AXLE 

GEAR  POD  

LENGTH 
WETTED  AREA 
L/D 

CARGO  COMPARTMENT  

COMPARTMENT  HEIGHT 
COMPARTMENT  WIDTH 
COMPARTMENT  LENGTH 
COMPARTMENT  VOLUME 
PAYLOAD  DENSITY 
PAYLOAD  WEIGHT 

PAYLOAD  SIZED  TO  INPUT  COMPARTMENT 


24.000 

134.850 

134.850 


53.000 

1983.810 

5.000 


16.000 

16.000 

208.333 

53333.333 

7.500 

400000.0 

DIMENSIONS 
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GROUP  WEIGHT  SUMMARY 
MODEL  1044.000 


DESIGN  §2 


WING 

149024 

HORIZONTAL  TAIL 

17654 

VERTICAL  TAIL 

9201 

BODY 

144165 

LANDING  GEAR 

66097 

NACELLE  STRUCTURE 

12771 

STRUCTURE 

368595 

ENGINE 

48854 

ENGINE  ACC.  AND  INSTL. 

590 

FUEL  SYSTEM 

3668 

ENGINE  CONTROLS 

200 

STARTING  SYSTEM 

200 

THRUST  REVERSERS 

10857 

PROPULSION 

64369 

AUXILIARY  POWER  UNIT 

930 

INSTR.  AND  NAV  EQUIP 

960 

SURFACE  CONTROLS 

12063 

HYDRAULICS 

6803 

ELECTRICAL 

3440 

AVIONICS 

3450 

ARMAMENT 

0 

FURNISHINGS  EQUIP. 

7578 

AIR  COND.  AND  ANTI-ICING 

5052 

BLC  DISTRIBUTION 

0 

AUXILIARY  GEAR 

2050 

FIXED  EQUIPMENT 

42326 

WEIGHT  EMPTY 

475290 

CREW 

1290 

CREW  PROVISIONS 

350 

OIL  AND  TRAPPED  OIL 

499 

UNAVAILABEL  FUEL 

1157 

NONEXPENDABLE  USEFUL  LOAD 

3296 

OPERATING  WEIGHT 

478587 

MISSION  GROSS  WEIGHT 

1310000 

AMPR  WEIGHT 

396520 
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DESIGN  #2 

MISSION  SUMMARY  DATA  FOR  MISSION  FERRY  1 

Ferry  Mission  Gross  Weight,  1000  Lbs.  = 1310.000 

Ferry  Payload,  1000  Lbs.  = 400.000 


Ferry  Range,  N.M. 

= 

5470.752 

Total  Ferry  Fuel,  1000  Lbs. 

= 

431 .413 

Reserve  Fuel,  Lbs. 

= 

34691 .727 

Mission  Fuel,  1000  Lbs. 

= 

396.722 

Average  Mission  Range  Factor, 

Taxi-Cl imb- 

■Cruise 

= 

15165.283 

Loiter  Time,  Mrs. 

= 

12.327 

Loiter  Radius , N.  Mi . 

= 

119.485 

Zero  Loiter  Time  Radius,  N.  Mi 

• 

= 

2735.376 

Wing  Loading,  PSF 

= 

149.000 

Thrust  To  Weight  Ratio 

= 

.224 

Takeoff  Gross  Weight,  1000  Lbs 

. 

= 

1310.000 

Operating  Weight,  1000  Lbs. 

= 

478.587 

Take  Off  Distance,  Feet 

= 

8091 .891 

Landing  Distance,  Feet 

= 

3948.629 

Wing  Area,  Sq.  Ft. 

= 

8791 .946 

Cruise  Out  Range  Factor,  NM 

= 

15652.047 

Cruise  Out  Sec 

= 

.642 

Cruise  Out  L/D 

= 

22.226 

Cruise  Out  Drag 

= 

57834.639 

C.D.  Thrust  Available,  LBS. 

= 

57834.639 

LEG 

LEG 

CON- 

INT. 

INT. 

INT. 

FINAL 

NO. 

NAME 

FIG  PWR  DIST 

TIME 

WEIGHT 

MACH 

ALT 

WEIGHT 

1 . 

Takeof 

3 1.0  6.0  .0 

.052 

1310000 

.000 

.0 

1306019 

2. 

MAXRCL 

1.0  5.0  119.5 

.302 

13C5019 

.479 

.0 

1285534 

3. 

Cruise 

3 1.0  6.0  5351.3 

11.828 

1285534 

.785 

31584.7 

913278 

4. 

Loiter 

1.0  6.0  .0 

.500 

913278 

.267 

.0 

900157 

5. 

Cruise 

2 1.0  6.0  119.5 

.266 

920397 

.782 

38150.8 

913278 

6. 

Loiter 

1.0  6.0  .0 

12.327 

1285534 

.747 

31477.0 

920397 
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DESIGN  #3 


CONFIGURATION  CHARACTERISTICS 
WING 


AREAS 


TRAPEZOIDAL  REFERENCE 

10063.291 

AERODYNAMIC  REFERENCE 

10063.291 

WETTED 

17863.598 

GLOVE 

.000 

YAHUDI 

.000 

AILERONS 

436.913 

SPOILERS 

454.176 

SPAN,  FEET 

283.736 

TRAPEZOIDAL  CHORDS,  FEET 

ROOT 

51.539 

S.O.B. 

48.674 

TIP 

19.395 

MGC 

37.885 

CHORD  OF  THE  CONSTANT  SECTION 

48.325 

SWEEPS,  DEGREES 

LEADING  EDGE 

13.000 

QUARTER  CHORD 

9.883 

TRAILING  EDGE 

.243 

GLOVE  LEADING  EDGE 

46.500 

YAHUDI  TRAILING  EDGE 

18.000 

AVERAGE, EXPOSED, STREAMWISE  T/C 

.1000 

STRUCTURAL  T/C 

.1439 

TRAPEZOIDAL  ASPECT  RATIO 

8.000 

AERO  REF.  ASPECT  RATIO 

8.000 

TRAPEZOIDAL  TAPER  RATIO 

.376 

AERO  REF.  TAPER  RATIO 

.3985 

DESIGN  LIFT  COEFFICIENT 

.400 

FUEL 

WING 

711387 

BODY 

0 

TOTAL 

711387 

FUSELAGE  

LENGTH,  FT. 

281.670 

MAXIMUM  WIDTH 

25.294 

MAXIMUM  DEPTH 

25.294 

STRUCTURAL  WETTED  AREA 

20204.681 

AERODYNAMIC  WETTED  AREA 

18747.269 

NOSE  FINENESS  RATIO 

1.500 

BODY  FINENESS  RATIO 

11.136 

AFT  BODY  CLOSURE  ANGLE 

15.000 

AFT  BODY  UPSWEEP  ANGLE 

8.500 

AFT  BODY  UPSWEEP  AREA 

671.474 

2(1 
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DESIGN  #3 

CONFIGURATION  CHARACTERISTICS  - 1 


HORIZONTAL  TAIL  

AREA,  FT2 

REFERENCE  2411.158 

EXPOSED  PLANFORM  2057.358 

WETTED  4167.196 

SPAN,  FEET  93.493 

CHORD,  FEET 

ROOT  37.477 

TIP  14.103 

MOMENT  ARM,  FEET  130.977 

LEADING  EDGE  SWEEP  13.000 

AVERAGE  T/C  .0920 

TAPER  RATIO  .376 

ASPECT  RATIO  3.625 

VOLUME  COEFFICIENT  .828 


VERTICAL  TAIL  


AREA,  FT2 


REFERENCE 

1417.766 

EXPOSED  PLANFORM 

1417.766 

WETTED 

2878.158 

HEIGHT,  FEET 

48.102 

CHORD,  FEET 

ROOT 

42.831 

TIP 

16.118 

‘ MOMENT  ARM,  FEET 

129.005 

LEADING  EDGE  SWEEP 
AVERAGE  T/C 
TAPER  RATIO 
ASPECT  RATIO 
VOLUME  COEFFICIENT 

NACELLES  

NUMBER 

FITNESS  RATIO 
CLOSURE  ANGLE 
D(EXIT)/D(MAX) 

DESIGN  INLET  MACH  NO. 

(ARC  HT)/(LENGTH) 

STRUT  T/C 

ENGINES  

ENGINE  MANUFACTURER 
ENGINE  MODEL 

SEA  LEVEL  REFERENCE  THRUST 
SCALE  FACTOR 
SfC  CONSERVATISM 


13.000 

.1000 

.376 

1.632 

.064 


4.000 

2.560 

12.000 

.624 

.6500 

.052 

.100 


GENELEC 

STEDLEC 

33150.000 

2.662 


1.050 


i 


DESIGN  #3 


5 


CONFIGURATION  CHARACTERISTICS  - 2 


LANDING  GEAR  

NO.  MAIN  TIRES  24.000 
MAIN,  TRUNION  TO  AXLE  134.592 
NOSE,  TRUNION  TO  AXLE  134.592 

GEAR  POD  

LENGTH  53.000 
WETTED  AREA  2236.960 
L/D  5.000 

CARGO  COMPARTMENT  

COMPARTMENT  HEIGHT  16.000 
COMPARTMENT  WIDTH  16.000 
COMPARTMENT  LENGTH  208.333 
COMPARTMENT  VOLUME  53333.333 
PAYLOAD  DENSITY  7.500 
PAYLOAD  WEIGHT  400000.0 


PAYLOAD  SIZED  TO  INPUT  COMPARTMENT  DIMENSIONS 


■i 
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GROUP  WEIGHT  SUMMARY 
MODEL  1044.000 


DESIGN  #3 


WING 

173508 

HORIZONTAL  TAIL 

21065 

VERTICAL  TAIL 

11488 

BODY 

150767 

LANDING  GEAR 

77936 

NACELLE  STRUCTURE 

15240 

STRUCTURE 

415803 

ENGINE 

61544 

ENGINE  ACC.  AND  INSTL. 

590 

FUEL  SYSTEM 

4683 

ENGINE  CONTROLS 

200 

STARTING  SYSTEM 

200 

THRUST  REVERSERS 

13060 

PROPULSION 

80277 

AUXILIARY  POWER  UNIT 

930 

INSTR.  AND  NAV  EQUIP. 

960 

SURFACE  CONTROLS 

14008 

HYDRAULICS 

8389 

ELECTRICAL 

3440 

AVIONICS 

3450 

ARMAMENT 

0 

FURNISHINGS  EQUIP. 

7622 

AIR  COND.  AND  ANTI-ICING 

5069 

B.L.C.  DISTRIBUTION 

0 

AUXILIARY  GEAR 

2050 

FIXED  EQUIPMENT 

45918 

WEIGHT  EMPTY 

541999 

CREW 

1290 

CREW  PROVISIONS 

350 

OIL  AND  TRAPPED  OIL 

600 

UNAVAILABLE  FUEL 

1423 

NONEXPENDABLE  USEFUL  LOAD 

3663 

OPERATING  WEIGHT 

545662 

MISSION  GROSS  WEIGHT 

1590000 

AMPR  WEIGHT 

446123 

DESIGN  #3 

MISSION  SUMMARY  DATA  FOR  MISSION  FERRY  1 


Ferry  Mission  Gross  Weight,  1000  Lbs. 

Ferry  Payload,  1000  Lbs. 

Ferry  Range,  N.M. 

Total  Ferry  Fuel,  1000  Lbs. 

Reserve  Fuel,  Lbs. 

Mission  Fuel,  1000  Lbs. 

Average  Mission  Range  Factor,  Taxi-Climb-Cruise 
Loiter  Time , Mrs  . 

Loiter  Radius , N.  Mi . 

Zero  Loiter  Time  Radius,  N Mi. 

Wing  loading,  PSF 
Thrust  To  Weight  Ratio 
Takeoff  Gross  Weight,  1000  Lbs. 

Operating  Weight,  1000  Lbs. 

Take  Off  Distance,  Feet 
Landing  Distance,  Feet 
Wing  Area,  Sq.  Ft. 

Cruise  Out  Range  Factor,  NM 

Cruise  Out  Sec 

Cruise  Out  L/C 

Cruise  Out  Drag 

C.  0.  Thrust  Available,  Lbs. 


1590.000 

400.000 
7256.741 

644.338 

46816.056 

597.522 

15397.782 

16.511 

114.243 

3628.371 

158.000 
.222 

1590.000 

545.662 

8709.642 

3998.520 

10063.291 

15754.435 

.621 

23.571 

66257.806 

100326.357 


LEG 

NO. 

LEG 

NAME 

CON- 

FIG. 

PWR 

DIST 

TIME 

INT. 

WEIGHT 

INT. 

MACH 

INT. 

ALT 

FINAL 

WEIGHT 

1 . 

Takeof 

3 

1 .0 

6.0 

.0 

.052 

1590000 

.000 

.0 

1585212 

2. 

MAXRCL 

1 .0 

5.0 

114.2 

.283 

1585212 

.491 

.0 

1561760 

3. 

Cruise 

3 

1 .0 

6.0 

7142.5 

15.561 

1561760 

.791 

30582.2 

992478 

4. 

Loiter 

1 .0 

6.0 

.0 

.500 

992478 

.280 

.0 

977878 

5. 

Cruise 

2 

1 .0 

6.0 

114.2 

.252 

999828 

.790 

40035.9 

992478 

6. 

Loiter 

1 .0 

6.0 

.0 

16.511 

1561760 

.750 

30576.5 

999828 
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DESIGN 


COFIGURATION  CHARACTERISTICS 


WING 

AREAS 

TRAPEZOIDAL  REFERENCE  10871.560 

AERODYNAMIC  REFERENCE  10871.560 

WETTED  19856.943 

GLOVE  .000 

YAHUDI  .000 

AILERONS  387.900 

SPOILERS  398.583 

SPAN,  FEET  361.191 

TRAPEZOIDAL  CHORDS,  FEET 

ROOT  44.705 

S.O.B.  42.659 

TIP  15.494 

MGC  32.454 

CHORD  OF  THE  CONSTANT  SECTION  41.784 

SWEEPS,  DEGREES 

LEADING  EDGE  20.200 

QUARTER  CHORD  18.133 

TRAILING  EDGE  11.644 

GLOVE  LEADING  EDGE  46.500 

YAHUDI  TRAILING  EDGE  18.000 

AVERAGE, EXPOSED, STREAMWISE  T/C  .1000 

STRUCTURAL  T/C  .1439 

TRAPEZOIDAL  ASPECT  RATIO  12.000 

AERO  REF.  ASPECT  RATIO  12.000 

TRAPEZOIDAL  TAPER  RATIO  .347 

AERO  REF.  TAPER  RATIO  .3632 

DESIGN  LIFT  COEFFICIENT  .400 

FUEL 

WING  661710 

BODY  0 

TOTAL  661710 


FUSELAGE  

LENGTH,  FT. 

281.670 

MAXIMUM  WIDTH 

25.294 

MAXIMUM  DEPTH 

25.294 

STRUCTURAL  WETTED  AREA 

20204.681 

AERODYNAMIC  WETTED  AREA 

19018.743 

NOSE  FINENESS  RATIO 

1.500 

BODY  FINENESS  RATIO 

11.136 

AFT  BODY  CLOSURE  ANGLE 

15.000 

AFT  BODY  UPSWEEP  ANGLE 

8.500 

AFT  BODY  UPSWEEP  AREA 

671 .474 
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DESIGN  #4 


CONFIGURATION  CHARACTERISTICS  - 


HORIZONTAL  TAIL  

AREA,  FT2 

REFERENCE  2462.454 

EXPOSED  PLANFORM  2115.312 

WETTED  4287.263 

SPAN,  FEET  96.896 

CHORD,  FEET 

ROOT  37.745 

TIP  13.082 

MOMENT  ARM,  FEET  130.977 

LEADING  EDGE  SWEEP  20.200 

AVERAGE  T/C  .0920 

TAPER  RATIO  .347 

ASPECT  RATIO  3.813 

VOLUME  COEFFICIENT  .914 

VERTICAL  TAIL  

AREA,  FT2 

REFERENCE  1391.809 

EXPOSED  PLANFORM  1391.809 

WETTED  2825.961 

HEIGHT,  FEET  52.070 

CHORD,  FEET 

ROOT  39.700 

TIP  13.759 

MOMENT  ARM,  FEET  129.005 

LEADING  EDGE  SWEEP  20.200 

AVERAGE  T/C  .1000 

TAPER  RATIO  .347 

ASPECT  RATIO  1.948 

VOLUME  COEFFICIENT  .046 

NACELLES  

NUMBER  4.000 

FINENESS  RATIO  2.560 

CLOSURE  ANGLE  12.000 

D(EXIT)/D(MAX)  .624 

DESIGN  INLET  MACH  NO.  .6500 

(ARC  HT)/(LENGTH)  .052 

STRUT  T/C  .100 

ENGINES  

ENGINE  MANUFACTURER  GENELEC 

ENGINE  MODEL  STEDLEC 

SEA  LEVEL  REFERENCE  THRUST  33150.000 

SCALE  FACTOR  1.600 

SFC  CONSERVATISM  1.050 
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CONFIGURATION  CHARACTERISTICS  - 2 


LANDING  GEAR  - - 


DESIGN  #4 


NO.  MAIN  TIRES 

24.000 

MAIN,  TRUNION  TO  AXLE 

141.452 

NOSE,  TRUNION  TO  AXLE 

141.452 

POD 

LENGTH 

53.000 

WETTED  AREA 

1864.221 

L/D 

5.000 

1 COMPARTMENT  

COMPARTMENT  HEIGHT 

16.000 

COMPARTMENT  WIDTH 

16.000 

COMPARTMENT  LENGTH 

208.333 

COMPARTMENT  VOLUME 

53333.333 

PAYLOAD  DENSITY 

7.500 

PAYLOAD  WEIGHT 

400000.0 

PAYLOAD  SIZED  TO  INPUT  COMPARTMENT  DIMENSIONS 
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DESIGN  #4 


GROUP  WEIGHT  SUMMARY 
MODEL  1044.000 


WING 

261527 

HORIZONTAL  TAIL 

22103 

VERTICAL  TAIL 

12910 

BODY 

140848 

LANDING  GEAR 

63725 

NACELLE  STRUCTURE 

9382 

STRUCTURE 

471697 

ENGINE 

32562 

ENGINE  ACC.  AND  INSTL. 

590 

FUEL  SYSTEM 

2492 

ENGINE  CONTROLS 

200 

STARTING  SYSTEM 

200 

THRUST  REVERSERS 

7848 

PROPULSION 

43893 

AUXILIARY  POWER  UNIT 

930 

INSTR.  AND  NAV  EQUIP. 

960 

SURFACE  CONTROLS 

11844 

HYDRAULICS 

6103 

ELECTRICAL 

3440 

AVIONICS 

3450 

ARMAMENT 

0 

FURNISHINGS  EQUIP. 

7555 

AIR  COND.  AND  ANTI-ICING 

5026 

BLC  DISTRIBUTION 

0 

AUXILIARY  GEAR 

2050 

FIXED  EQUIPMENT 

41359 

WEIGHT  EMPTY 

556949 

CREW 

1290 

CREW  PROVISIONS 

350 

OIL  AND  TRAPPED  OIL 

361 

UNAVAILABLE  FUEL 

1323 

NONEXPENDABLE  USEFUL  LOAD 

3324 

OPERATING  WEIGHT 

560273 

MISSION  GROSS  WEIGHT 

1185000 

AMPR  WEIGHT 

495711 
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DESIGN  #4 


MISSION  SUMMARY  DATA  FOR  MISSION  FERRY  1 


Ferry  Mission  Gross  Weight,  1000  Lbs. 

Ferry  Payload,  1000  Lbs. 

Ferry  Range,  N.M. 

Total  Ferry  Fuel,  1000  Lbs. 

Reserve  Fuel,  Lbs. 

Mission  Fuel,  1000  Lbs. 

Average  Mission  Range  Factor,  Taxi-Climb-Cruise 
Loiter  Time,  Hrs. 

Loiter  Radius , N.  Mi . 

Zero  Loiter  Time  Radius,  N Mi. 

Wing  Loading,  PSF 
Thrust  To  Weight  Ratio 
Takeoff  Gross  Weight,  1000  Lbs. 

Operating  Weight,  1000  Lbs. 

Take  Off  Distance,  Feet 
Landing  Distance,  Feet 
Wing  Area,  Sq.  Ft. 

Cruise  Out  Range  Factor,  NM 

Cruise  Out  SFC 

Cruise  Out  L/D 

Cruise  Out  Drag 

C.O.  Thrust  Available,  LBS 


1185.000 

400.000 
3581 .250 

224.727 
21190.856 
203.536 
19003.390 
7.533 
211  .712 
1790.625 

109.000 
.179 

1185.000 
560.273 
8020.471 
3378.100 
10871 .560 
20527.285 
.611 
29.717 
38918.114 
47935.982 


LEG 

NO. 

LEG 

NAME 

CON- 

FIG. 

PWR 

DIST 

TIME 

INT. 

WEIGHT 

INT. 

MACH 

INT. 

ALT 

FINAL 

WEIGHT 

1 . 

Takeoff  3 

1 .0 

6.0 

.0 

.052 

1185000 

.000 

.0 

1182123 

2. 

MAXRCL 

1 .0 

5.0 

211 .7 

.590 

1182123 

.416 

.0 

1156547 

3. 

Cruise  3 

1 .0 

6.0 

3369.5 

7.463 

1156547 

.787 

37798.6 

981464 

4. 

Loiter 

1 .0 

6.0 

.0 

.500 

981464 

.280 

.0 

971509 

5. 

Cruise  2 

1 .0 

6.0 

211.7 

.480 

991989 

.769 

37363.6 

981464 

6. 

Loiter 

1 .0 

6.0 

.0 

7.533 

1156547 

.737 

37787.7 

991989 

.35 


DESIGN  #5 


CONFIGURATION  CHARACTERISTICS 


WING 

AREAS 


TRAPEZOIDAL  REFERENCE 

13302.752 

AERODYNAMIC  REFERENCE 

13302.752 

WETTED 

24549.731 

GLOVE 

.000 

YAHUDI 

.000 

AILERONS 

482.761 

SPOILERS 

481.274 

SPAN,  FEET 

399.541 

TRAPEZOIDAL  CHORDS,  FEET 

ROOT 

49.803 

S.O.B. 

47.713 

TIP 

16.787 

MGC 

36.014 

CHORD  OF  THE  CONSTANT  SECTION 

46.501 

SWEEPS,  DEGREES 

LEADING  EDGE 

22.500 

QUARTER  CHORD 

20.451 

TRAILING  EDGE 

13.973 

GLOVE  LEADING  EDGE 

46.500 

YAHUDI  TRAILING  EDGE 

18.000 

AVERAGE, EXPOSED, STREAMWISE  T/C 

.1000 

STRUCTURAL  T/C 

.1439 

TRAPEZOIDAL  ASPECT  RATIO 

12.000 

AERO  REF.  ASPECT  RATIO 

12.000 

TRAPEZOIDAL  TAPER  RATIO 

.337 

AERO  REF.  TAPER  RATIO 

.3518 

DESIGN  LIFT  COEFFICIENT 

.400 

FUEL 

WING 

899989 

BODY 

0 

TOTAL 

899989 

FUSELAGE  

LENGTH  FT. 

281.670 

MAXIMUM  WIDTH 

25.294 

MAXIMUM  DEPTH 

25.294 

STRUCTURAL  WETTED  AREA 

2024.681 

AERODYNAMIC  WETTED  AREA 

18817.359 

NOSE  FINENESS  RATIO 

1.500 

BODY  FINENESS  RATIO 

11.136 

AFT  BODY  CLOSURE  ANGLE 

15.000 

AFT  BODY  UPSWEEP  ANGLE 

8.500 

AFT  BODY  UPSWEEP  AREA 

671.474 
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DESIGN  *5 


CONFIGURATION  CHARACTERISTICS  - 1 


HORIZONTAL  TAIL  

AREA,  FT2 

REFERENCE 
EXPOSED  PLANFORM 
WETTED 
SPAN,  FEET 
CHORD,  FEET 
ROOT 
TIP 

MOMENT  ARM,  FEET 

LEADING  EDGE  SWEEP 
AVERAGE  T/C 
TAPER  RATIO 
ASPECT  RATIO 
VOLUME  COEFFICIENT 

VERTICAL  TAIL  

AREA,  FT2 

REFERENCE 
EXPOSED  PLANFORM 
WETTED 
HEIGHT,  FEET 
CHORD,  FEET 
ROOT 
TIP 

MOMENT  ARM,  FEET 

LEADING  EDGE  SWEEP 
AVERAGE  T/C 
TAPER  RATIO 
ASPECT  RATIO 
VOLUME  COEFFICIENT 

NACELLES  

NUMBER 

FINENESS  RATIO 
CLOSURE  ANGLE 
D(EXIT)/D(MAX) 

DESIGN  INLET  MACH  NO. 

(ARC  HT)/(LENGTH) 

STRUT  T/C 

ENGINES  - ••  - 

ENGINE  MANUFACTURER 
ENGINE  MODEL 

SEA  LEVEL  REFERENCE  THRUST 
SCALE  FACTOR 
5FC  CONSERVATISM 


3058.596 

2626.091 

5324.100 

107.990 

42.366 

14.280 

130.977 

22.500 

.0920 

.337 

3.813 

.836 


1864.200 

1864.200 

3785.743 

60.262 

46.273 

15.597 

129.005 

22.500 

.1000 

.337 

1.948 

.045 


4.000 

2.560 

12.000 

.624 

.6500 

.052 

.100 


GENELEC 

STEDLEC 

33150.000 

1.957 

1.050 
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DESIGN  #5 

CONFIGURATION  CHARACTERISTICS  - 2 
LANDING  GEAR  

NO.  MAIN  TIRES  24.000 

MAINJRUNION  TO  AXLE  140.828 

NOSE,TRUNION  TO  AXLE  140.828 

GEAR  POD  

LENGTH  53.000 

WETTED  AREA  2112.711 

L/D  5.000 

CARGO  COMPARTMENT  

COMPARTMENT  HEIGHT  16.000 

COMPARTMENT  WIDTH  16.000 

COMPARTMENT  LENGTH  208.333 

COMPARTMENT  VOLUME  53333.333 

PAYLOAD  DENSITY  7.500 

PAYLOAD  WEIGHT  400000.0 


PAYLOAD  SIZED  TO  INPUT  COMPARTMENT  DIMENSIONS 


DESIGN  #5 

GROUP  WEIGHT  SUMMARY 
MODEL  1044.000 


WING 

332589 

HORIZONTAL  TAIL 

28784 

VERTICAL  TAIL 

18631 

BODY 

147605 

LANDING  GEAR 

75938 

NACELLE  STRUCTURE 

11362 

STRUCTURE 

568177 

ENGINE 

41906 

ENGINE  ACC.  AND  INSTL. 

590 

FUEL  SYSTEM 

3366 

ENGINE  CONTROLS 

200 

STARTING  SYSTEM 

200 

THRUST  REVERSERS 

9603 

PROPULSION 

55865 

AUXILIARY  POWER  UNIT 

930 

INSTR.  AND  NAV  EQUIP. 

960 

SURFACE  CONTROLS 

13899 

HYDRAULICS 

7593 

ELECTRICAL 

3440 

AVIONICS 

3450 

ARMAMENT 

0 

FURNISHINGS  EQUIP. 

7601 

AIR  COND.  AND  ANTI-ICING 

5042 

BLC  DISTRIBUTION 

0 

AUXILIARY  GEAR 

2050 

FIXED  EQUIPMENT 

44965 

WEIGHT  EMPTY 

669006 

CREW 

1290 

CREW  PROVISIONS 

350 

OIL  AND  TRAPPED  OIL 

441 

UNAVAILABLE  FUEL 

1800 

NONEXPENDABLE  USEFUL  LOAD 

3881 

OPERATING  WEIGHT 

672888 

MISSION  GROSS  WEIGHT 

1450000 

AMPR  WEIGHT 

593932 
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MISSON  SUMMARY  DATA  FOR  MISSION  FERRY  1 


DESIGN  #5 


Ferry  Mission  Gross  Weight,  1000  Lbs. 

Ferry  Payload,  1000  Lbs. 

Ferry  Range,  N.M. 

Total  Ferry  Fuel,  1000  Lbs 
Reserve  Fuel,  Lbs. 

Mission  Fuel,  1000  Lbs 

Average  Mission  Range  Factor,  Taxi-Climb-Cruise 
Loiter  Time,  Mrs. 

Loiter  Radius  , N.  Mi . 

Zero  Loiter  Time  Radius,  N Mi. 

Wing  Loading,  PSF 
Thrust  to  Weight  Ratio 
Takeoff  Gross  Weight,  1000  Lbs. 

Operating  Weight,  1000  Lbs 
Take  Off  Distance,  Feet 
Landing  Distance,  Feet 
Wing  Area , Sq . Ft . 

Cruise  Out  Range  Factor,  NM 

Cruise  Out  SFC 

Cruise  Out  L/D 

Cruise  Out  Drag 

C.O.  Thrust  Available,  Lbs 


= 1450.000 
= 400.000 
= 5485.015 
= 377.112 
= 30077.399 
= 347.035 
= 20050.395 
= 12.076 
= 210.843 
= 2742.508 
= 109.000 
= .179 
= 1450.000 
= 672.888 
= 8125.778 
- 3324.387 
= 13302.752 
= 21109.870 
= .614 
= 30.574 
= 46314.095 
= 57576.662 


LEG 

NO. 

LEG 

NAME 

CON- 

FIG 

PWR 

DIST 

TIME 

INT. 

WEIGHT 

INT. 

MACH 

INT. 

ALT 

FINAL 

WEIGHT 

L. 

Takeof 

3 

1 .0 

6.0 

.0 

.052 

1185000 

.000 

.0 

1182123 

2. 

MAXRCL 

1 .0 

5.0 

210.8 

.575 

.446479 

.425 

.0 

1416014 

3. 

Cruise 

3 

1 .0 

6.0 

5274.2 

11.552 

1416014 

.796 

38136.4 

1102965 

4. 

Loiter 

1 .0 

6.0 

.0 

.500 

1102965 

.271 

.0 

1091  743 

5. 

Cruise 

2 

1 .0 

6.0 

210.8 

.474 

1114405 

.776 

39606.5 

1102965 

6. 

Loiter 

1 .0 

6.0 

.0 

12.076 

1416014 

.746 

38127.3 

1114405 
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DESIGN  »6 


■■•CLNr  lG’k.kATIC'<  characteristics 


AREAS 

T=aPEZ2ISAL  REFERcSCE 
AERCDYNAI'IC  REEER:nCe 
wETTEO 
6 L 3V  E 
Y A HU  0 I 

aILERCnS  

■ SFCILERS 
SRAM,  feet 

TRAREZCIDAL  CHCRDSj._  FtET_ 

R3CT 

S • c • 3 • 

TIP 

'IGC' 

CHORD  Cr  THE  CONSTAimT  SECTICN 


CHORDS,  FEET 


iHoC  S . 6vb 
1H6C6 . 6‘y^j 
27C80 . 73  F 
.OGO 

• v-'Yi  0 
5 3 F . 2 F 0 
525. 27C 

6 . 

~ 5 2l3<i3 
50.273 

17.3F0 

'3  7V6C8” 
<te.8Q2 


sueeps,  degrees 

LEADING  EDGE 
QUARTER  CHCRO 
TR'a1LING“EDGE 
GLCVE  LEADING  EDGE 

yahuoi  trailing  edge 
'average,  EAFDSEDiSTREANi^ISE  T/C' 
structural  7/C 

TRAOFZDIDaL  ASPECT  RATIO 
AERC  REF.  aspect  RATIO 

trapezoidal  Taper  ratio 

AERO  REF.  TAPER  RATIO 
DESIGN  LIFT  COEFFICIENT 
FUEL 

WING  

BODY  

total 


23.750 
21.713 
“15".  25  3 
W6.5C0 
18.000 
."1000 
. 1A29 
12.CCC 
"12  .OCO 
.332 
.3W59 
■ ■ ACO' 

1023ASA 

0 

1 C 3 8 A 8 A 


fuselage  - - - 

_L£NGTH,  FT. 

HAXIKUM  WIDTH 
'^AXIf'.UH  DEFTr 
structural  -ETTED  A’EA 
AERODYNAHIC  WETTED  AREA 
NOSE  FiNENcSS  RATIO 
SQOY  FINENESS  RATIO 
‘ AFT  BODY  CLOSURE  ANGLE 
AFT  BODY  LRSwEERanGLE 
AFT  BODY  UrS»£EP  AREA 


281.670 
25.29A 
25.29A 
2020A.eei 
18657. 5A2 
1.5C0 
11.136 
"15.0C0 
8. 500 
671.  A7A 
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DESIGN  =6 


IGLKAT1C?S  CiiAkACTfcP.ISTICS  - i»*** 


HCi^IZCNTiL"  TAIL  - -‘~ 


JSEi^  FT2 
_»E FERENC  6 
EX°GS£b  pIanFCRM' 
WETTED 

J-EET  

^hcrd>  feet 


RCOT 


TIP 

HGP:ENT'  ASM’;  FEET' 


3 3 7 6 ._3  1 7 
2 5R'e  . 12  3 
5676.717 

W W . 6 6 W 
1W.331 
'i3C..97  7 


LEADING  EDGE  SWEEP 

23.75C 

AVERAGE  T/C" 

.0920 

TAPER  kATIG 

.332 

ASPECT  RATIC 

3.813 

VCLGHE  COEF'FiCIENT 

. 

.8C1 

2107. 27W 
2107. 27W 
W'279‘.  65  6 
6W .370 

W<?738  8 
16.392 
129. CC5 

leading  edge  sweep 
average  t/c  

■■■  TAPES'  fi  aTIG" 
aspect  RATIC 
VOLJ.'^E  ccefficient 

NACELLES  

MJ**3ER 

"FINENESS' RATIC 
CLCSURE  angle 

D(  EXIT)  /D(«.AX  ) 

"DESIGN  inlet  rACH 
(ARC  HT)/(L£NGTH) 

1’^G 

ENGINES  - 

ENGINE  .'IANL'F  ACTuKE 
"ENGINE  .--.CCEL 
SEA  level  PEFERENC 
SCALE  fa:tc= 

'SEC  CCNSERVAT  ISN 


23.750 

.inoo_ 

■■‘■.33  2 
1.9A3 
.OAW 


A .CCO 

- - 2,3o0 

12.CC0 
.62  A 

NG'.~  ' ' ' T65C0 

.052 

.ICO 


R 

E T HR  L S T 


GENELEC 


VERTICAL  TAIL  - 

AREA,'-  FT 2 
REFER  EnCE 
EXPOSED  PLANFCRn 
«ETTED 

HEIGHT^  feet 

_ (^HCRD»  FJET 

ROOT  ■ 

TIP 

rOf^ENT  ARK,  FEET 


! rn 


P 


DESIGNL  - 6 


• CHAkACTSKISTICS  - 2»*»* 


LA'JCIK'G  G£A^  - 

N G . MA  I T I F E S 
_J*Ar4,TRUNILN  TC  A ALE 
^-CSE/T-^UMILiN  TO  AXLt 


32.0CO 
_126 .969 
T2  6 .98  9 


300  

LE>nSTH" 
WETTED  AREA 
L/D 


5 3’.OQC 
23lA.6Ai 
5.000 


CARGO  CC‘’PARTr’ENT- 

r ^;r<?ART*1£NT  HEIGHT 

COMPARTMENT  WIDTH 
COMPARTMENT  LEi^GTH 
COMPARTMENT  VlLLmE 
PAYLCAO  density 
PAYLOAD  WEIGHT 


It.CCC 
15. coo 
208.333 
53333.333 
7T5C0 
AOOCOO.O 


■pAYLCAD'  SIZED  TO"  INPUT  C uM''P  AR  T MEN  T DIMENSIONS 
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G^CLr  "EIoHT  JRY 

«■•••  » *»»***^w  ***•  * 

’•■  “CDEL  iOnn.OCC'* 


w ING 

3 7 Z 7 1 u 

hcrizcntal  tail 

3Z7C6 

VERTICAL  tail 

21714 

3CDY 

15Z7C9 

LANDING  GEAR 

64950 

nacelle  STRUCTURE 

130C4 

STRUCTURE 

626261 

ENGINE 

5C022 

ENGINE  ACC.  AND  INSTL. 

590 

FUEL  SYSTE*1 

4153 

ENGINE  CCNTRCLS 

Zl  C 

STARTING  SYSTEM 

2C0 

THRUST  PEVERSERS 

11C64 

PROPULSION 

66230 

AUXILIARY  rOWER  UMT 
IVST?.  and  NAV  ecu  ip. 
surface  COr^TRQLS 
hydraulics 
electrical 

AVICNICS 
A F,  MAKE  NT 

furnishings  ecuif. 

AIR  CuND.  AND  ANTI-ICING 
sLC  CISTRI3UTICN 
AUXILIARY  GEAR 

FIXED  EQUIPr.  ENT 


WEIGHT  EMPTY 

74C5C3 

Cp£W 

1290 

CPSW  PROVISIONS 

35C 

CIL"A^4C  TRAPPED  OIL 

5Cb 

UNAVAILA3EL  FUEL 

2w  77 

NOnexpENDAEl £ USEFUL  LOAD 

4225 

GPFRaTING  WEIGHT 

744728 

MISSION  GROSS  «E1GhT 

IcfiCCuO 

AMP^  WEIGHT 

653946 

93C 
96C 
15  570 
69CA 
3A^0 
2^50 
0 

7635 
50  5 A 
0 

ZC5C 

A7R93 


# 

design  #6 
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p*  in 


DESIGN  6 


MIjSICN  data  =CR  'IISSIDN  f£RRYl 

m:££_!CIN  GP.GSS  -eight,  IC-vD  lSS. 

FERRY  FAYLGAD,  lOT;'’-  l3S 

F=>‘ijY~RA‘,  G ETH  tf*. ~~  

TGTAL  _FERrY_  FUEL,  1C0_0_L3S 

reserve  fuel,  L3S 
^^ISSI2M  FuSL~lCOO  L5S 

AVERAG_E  MSSION  range  FACTOR,  _T  A;(I -C  L I .HB-CRiJl  S E 

LCITER  TIYE,  HRS. 

L 'DIT'ER'p'aD1US~  N".'-}’.!'; 

ZE^C  LGITER  time  RADIUS,  u AU 

wing  LDACING,  PSF 

THRUST  'TG'  wTiGHT  ratio'  '' 

TAK_ECFF  C-=q5s_W' EIGHT,  l&Cu  L3S  

GPERATI^iG  WEIGHT,  ICCU  L5S 

TAKE  OFF  Distance,' feet  ' ' ' 

LANDING  CISTAHCe,  FEET 
WING  AREA,  S3.  FT. 

- CRUISE  CUT  RANGE'FaCTCR,  N.“,  

CF‘'JlSE  CUT  SFC  __ 

CRUISE  CUT  L/C 

'"'CRUISE  GUT  DRAG  " ' " ''  

C C T^PUST  AVAILABLE,  LBS 

G ccnfig  rcjer  dist.  time  "'INT.'  ''INT." 

,MC  WEIGHT  *rACH 


ItBC  .ecu 
^L'C  .GUO 
7178. 5A5 
_ _ _5  3 5 . 2 7 2 
3FD5S.252 
aRc'.'ZIS 
2C5C5.7_0^ 
Ifc.Cla 
209  736^ 
2539.273 
115  .COO 
. 17  6 
_ »C00 

7AA  .728 
■ '£717.  A51 
J IJt . fc  9_2 
lAfc06 .696 
2'i213. 5 5 9' 
_.  617 
3G .771 
'5  2351. 2‘l2 


« 66715.086 
'INT  . F InAl 


WEIGHT 


TA<ECF3 

1.0 

6.0 

.0 

■ .05  2 

1660000 

looc  ' 

• 0 

1675993 

HA  Y ?.CL 

1.0 

5.0 

209.9 

.557 

lo759*.3 

.935 

• 1 

1691699 

C R U I S ? 3 

1 .C 

6 . 0 

6C6= . 2 

15.097 

16A 1699 

. 805 

37966.1 

1132737 

lciter 

1.0 

N . 0 

• c 

. 5 1.  J 

1163767 

.26  5 

• 0 

1171992 

’UISE2 

• 

6 .0 

2 C 9 . 9 

• H C 0 

119535c 

.739 

9UC3.9 

1183737 

lgiter 

1.0 

6.0 

• G 

16.013 

i 0 1 6 ^ 9 

.765 

57C57. 5 

1195'35c 
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DESIGN  ~7 


characteristics  »»•»• 


"ING  - - - 

_AR£AS  _ _ 

Trapezoidal  reperesce"  " ' ' 372>r.133 

aERODYNAHIC  reference  372A.13E 

WETTED  5210. =c2 

GLOVE  ‘ “ ' .200 

YAhUDI  .000 

AILERO.WS  _ _____  i31.CE2__ 

' SDQILERS  ” ■'■133.156 

SPAS,  FEET  ■ 1G3.85W- 

TRAPEZOIOaL  CHGRDS»_FEET  _ 

ROOT  ' ' " '■■■'  ' ■■  ■■'  27. 385’ 

S.C.5.  25.223 

TIP  lu.tAS 

‘mGC  ~Z0.Z23'~ 

CHORD  CF  THE  CDNSTAKT  3ECTI0H  25.711 

swespsT"  oe'gr'e'es  ■“ 

leadisg  edge  ' lO.OCO 

QUARTER  CHORD  7.6l9 

TRATLIHG  edge  ■"'■■  - ■ - ~.30  6 " 

GLOVE  LEADIRG  EDGE  Ab.500 

YAHUDI  TRAILING  EDGE  _ _ _^8.0CC 

■'■  ^AVERAGE^EXPCS  ED/STREAMWISE  T /C . 1000' 

STRUCTURAL  T/C  .1A29 

TRAPEZOIDAL  ASPECT  RATIO  10.3CO 

aERO  ref.  aspect  'RATIO  ■'■  ICI3C0 

TRAPEZOIDAL  TAPER  RATIO  .389 

aero  ref.  taper  RATIO  .A220 

"design  LIFT"CcPFPICIENT  ■"  ■'  ■ ■“"  .WOO 

FUEL 

y,ING  1AC335 

3^0 Y - - Q . - 

TOTAL  1A0335 


FUSELAGE  — ~ ~ 

length fFT.  

haxihuf  width 

“AXIrU.1  DEPTH 
STRUCTURAL  «£TT£D  AREA 
aerodynamic  WETTED  AREA 
NOSE  FINENESS  RATIO 
BODY  FINENESS  RATIO 
AFT  BODY  CLCSURE  ANGLE 
AFT  BODY  UPSWEEPaNGLE 
AFT  BODf  UFSwEEP  AREA 


177. 5C3 
25.2<=A 
25 .29A 
11933.967 
11266. 13q 

1.500 
7.013 

■ '15.0CC 

8 . 500 
671.979 
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DESIGN  -7 


• ***0  jNF  IGURATICN  CH  A R4C  T £ R I 57  I C S - 


HG‘^I2CNT4L  -TAIL  

4RFA,  FT2 

REFERENCE  659. 9C2 

EXPOSED  I'L4NF^R,'1  " ‘ ■"  " 737,949 

WETTE3  1494.553 

SCAN’,  FEET 56.^5  3 

5HO<D»rEET 

R3CT  21.853 

TIP  6.496 

MaMENT“AR>'^,.  F'EET  32.5  39 


LEADING  EDGE  SWEEP 

'average  t/: 

Taper  ratic 

ASPECT  RATIG 
'vaLUflE'  CJEFF  rciENT 

VERTICAL  TAIL  - 

■area;  FT2'' 

REFERENCE 

EXPOSED  PLA_NFGRM_ 

WETTED 

HEIGHT^  FEET 



RGGT"  '■  ■■  “ ■ 

TIP 

_ _ _ “^lL  

LEADING  EDGE  S-EE? 

AVERAGE  T/C  _ 

Taper  ratic 

ASPECT  RATIO 
\'GLORE  COEFFICIENT 

NACELLES  - - - 

_ VUMBER  _ 

FINENESS  FaTIC" 

CLOSURE  angle 
D ( EXIT ) /G (1A X ) _ _ _ 

"DESIGN  inlet  ►■ACH  NG. 

(ARC  HT)/(lEMGTH) 

STRUT  T^C 

engines  - 

ENGINE  N.  A N U F A C T U R E R 
ENGINE  ‘1CDEL 

SEA  LEVEL  REFERENCE  TnRLST 

scale  Factor 
■ SFC  CCNSE;  VATISf. 


.09  20' 
. 369 

!•  ^ 
.'94  2' 


533.634 
J 3 3 . 6 3 4 
1063. 343 
31.110 

2 4V704 
9,602 
^^1.297 

1C .COO 
_ ^ICCO 
.369 
1.614 
.059 


_ A.CCO 
2.560 
12.000 
.62  4 
■~E>5G0 
.052 
.100 
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DESIGN  =n 


^•*^CZiNF  IGJRATIlK  CHAk^CT  ckijTI! 


LANOI^'G  GEAR  " 

KG.  f1AI-WIR£5  ic.CCO 

_ _ ‘•AIK^TRUMCN  TO  AXLE _■  75.0C0 

NOSE>TRUNICfi  Tu  AXLE  - --  - '75, ^,00 

GEAR__cod  - 

LENGTH 
L ETT  ED  AREA 
L/r 


le.occ 

1 6 • 2C  C 
lOA.  157 
25665 .567 
7.5CO 
200C00. 0 

P a’yITO A' O'  'S' 1 2 E D "T D~I'K'P  U T “C  'Q K ? A'R  T “ E'K  T“  Cl  E N I'l  CSS 


CARGO  CGSPARTMEM 

cd*i  = art,sent  height 

ccmpartse'nt  lioth  " 
cohpartient  length 

Cu^'OARTME^T  VCLUME 
'p  AYLDAO  'dens  I TY‘ 
PAYLOAD  WEIGHT 


3 . C C C 
1 1 A 5 . : Y 5 
5 . Do  0 


■Ts 

I 


DESIGN 


GRCL'i-  WEIGHT  GG."’.r,A'<Y 
♦'f.CLiEL  10W4.GGC  * ' 


w'r4G  " ‘ ' ' • — . - - 

HC?azCNTAL  Till  fa093 

VERTICAL  TAIL  3705 

aC;3V  7E221 

LANDING  gear  £3bi7 

nacelle  structure  5Wfc6 

STRUCTURE  " 15e51‘5' 


^ N G I N c 

E N G I M E ’ XC'CT  A N D~  IN  S T L 7 
FUEL  SYSTEM 
ENGINE  CQNTRGLS 
STARTING' SYSTEM 
THRUST  REVERSERS 
PR0=ULSICN 


AUXILIARY  POWER  UNIT 
instr.  and  NAV  eolip* 
SURF ACE'CCNTRCLS  ~ 
HYDRAULICS 

electrical 

A VICMCS 

AP*"A^ENT 

fl'omshihgs  e:uif. 

AlP  CCND.  AND  ANTI-ICING 
BLC  CISTRiaUTION 
A_UXILIARY  GEAR 

FIXED  E:UIPr.  ENT 


158<:7 

'“590 

175G 

2C0 

■■■  2C0 
9916 

2±0ZZ 

930 

960  

'5890"  ~ 
26C8 
3990 
'395C 
C 

5 620 

■■  377  8 “■ 
0 

2050 

26725' 


WEIGHT  EnPTY 


210266 


Crew 

129C 

CREW  PROVISICNS 

35  0 

GIL  AND  trapped  C'IL 

■“2C2 

UNAVAILA8EL  FUEL 

281 

NGN’EXP  ENuABL  E USEFUL  LGAC 

2129 

cperating  weight 

21239C 

missidn  gpgas  weight 

5^0000 

AMpR  WEIGHT 


18009 


MISSIO-J 


DESIGN  »7 


r 


1 


MISSIO-'!  SU‘'^'iRY  DaTa  FCR  rtiSSILf.  FcnSYl 
F^Rr_“.I_^IDN  GF^jSS  WEIGHT/  10GJL53. 
rERSY  PiYLCAD,  1000  LbS 

te'sky  r an  ere /~s'T>  . ~ 

TOTAL  = = F'JEL^  __  _ 

RSSERV'^  FLEL/  L=S 
'*irSSlO*j~FUEL';  I'OOO  lbs 

AVERAGE  MISSION  RANGE  FACTOR/  T A X I-CL I MB-C RU I S E 


LOITER  TIME/  HRS. 


LOITER  RACIUS/  N. 
ZE«Q_>:OITER_TJME  RADIUS/  N 41. 
WING  LCACING/  PSF 
■THRUS'T^TC^WEIGHT^RATI  0 
takeoff  gross  _WEIGHT/  1CCG_  L3S_ 
0PE=’ATI^6  WEIGHT/  iOCC  LBS 
'TAK£'”0'FF  CISTanCE/^FEET 
_LANDInG  OpTMiCE/  FEET 
WING  AREA/  SO.  FT. 

"CRUISE  OUT  range  "FA'CTOR;  nM 
CRUISE  OUT  S'=C 
CRUISE  CUT  L/C 
'C‘^uis"E~CUT  D=aG 
C G thrust  AVAILABLE/  LBS 


SAC  .CL 
22C  .COO 
" 361c. 123 
127.6_10 
12065 . E93 
115 . 5 AA 
15027.611 


6.05^ 


1A1.769 
16Q9  .C61 
1A5 .COO 


LEG  LEG 
NO.  NAME 


CONFIG  oeWER  OIST. 


TIME 


INT. 

WEIGHT 


INT. 

MACH 


T221 

5 A C .COO 

212. 390 

"~79  99'.T3  3‘ 

AC02 .361 

372A .156 

15679.767  '' 

.612 

23.290 

2263h.7,79 

3C999 .2A6 
INT.  final 

ALT.  WEIGHT 


"1 

TAX  E0=3 

■"'i7c 

6.C 

.0 

.052 

5A0CL0 

• C U 0 

.0 

53c3ol 

2 

**AXRCL 

1 .0_ 

5.0 

lAl  . ■* 

• 365 

5383S1 

. A3  5 

. 0 

526332 

3 

C ?.  U I S E 3 

1.0 

6.0 

3 A 7 . A 

7.766 

528332 

.780 

3 ^ 6 3 A . 1 

A2A  A 5c 

A 

LOITER 

1 .c 

6 .0 

.C 

• 3u  ^ 

AZAASc- 

. A A 6 

.0 

A 1 6 7 7 0 

C R U I S B 2 

1 .0 

6 . 0 

lAl  • 6 

• 3 1 :3 

<.233CA 

. 777 

385b3  .2 

S C H t S 

6 

LOITER 

1.0 

6.0 

. C 

6.C55 

5 25332 

.736 

3A625 . 7 

“ 2 6 3 L t 

50 
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DESIGN 


O o O' 


DESIGN  =8 


',  » > V 


* 


c r.  j j r ; 

K - - ?lu  P-  '■ 


i . 2 i P 

. ~ : j . " 2 j 

c 2 . 1 C 1 


? ^ . 3 
Pi  , t 2 
bZ.‘:2'i 

_ 2 U • 1'  - U - . 

. C - 2 0 
. 2 e 
3.733 


- T 

! pxr  p 

' I ' j f*'  - V *• 


: c 


7 I 2 . ? 7 3 
7 1 2 . 3 7 
l‘-P7.23': 
2 . 3 P 3 

■,  - e I-  :» 

1 i . C ^ ^ 

irl.Z’^7 


*t  .P* 

• V V ^.|• 


- < • ,':  L - 

) / 1 ( '•  a V ) 

T . , a 1 f v /•  j 

" ) / ; L p ■■  '■>  r -I ; 

~ /c 


. fr  2 ^ 
. f.  i C 0 

. '.I  2 

. .ICO 


i EOGE 

[ N G ..EDGE 

£Ari\,'IS£  T/C 

'jcj  paT rc 

:t  satio 

'ER  RATIO 

■ no 

;=FICIENT 


20.000 

ZE.OIG. 

21.619 

96.5CC 

.19.000. 

.loco 

.1939 
.U.  750_ 
11.750 
. 3C6 
_.3293. 
.900 


_2_2Q_7  21. 
0 

230723 


FUSELAGE  - - - 

LEi-iGTH,  FT. 

.•'AXI.-U'I  WIDTH 

'•AXif'u^  depth 

STRUC  TJ,I  p a TTED  AREA 

AEPQCTnaHIC  wetted  area 
NOSE  FrJENESS  RATIO 
FODV  fineness  FATIo 


AFT  6CDY  CLGSUR6  ANGLE 
AFT  OCOY  IJPSHEEPaNGLE 
AFT  pnoY  IJPJWEEP  AREA 


177.503 

25.299 

25.299 

JL1933.967. 

11293.016 

1.500 

7.01: 


15.0CC 
d.bOO 
071.979 


DESJGJ^  ^9.. 


£0  kllZ^i  JldAF:  AC  TILL 


- - •« « « 


‘-'ZP  IZC^'T  *L  TAIL  - - - 
AP^A,  FT2 

Lel^REN  C E- 


5 X PQSEC  P L ANF  QP  P 
5 IT  £0 

-i:EAWj__F.£EI 

CHCSC^  FEET 
PGGT 

I.IP_ 


1172.05  EJ 


K0,“£NT  ARp'l.  F = ET 


I • u ^ 

i 0 0 ^ . 3 c 1 
2039.1^6 
tt.7-A6 


26 • tf  c 9 
.(L,.Z2±^ 
62.539 


L EA rTVG  fq g a_S.W EEJL 
average  t/c 
Taper  ratio 

A<?P=CT  RATTn 


VOLUME  COEFFICIENT 


■£.0 . 0 GO— 
.0920 
. 3G6 
..  1.JlCLL- 


.792 


J/ eptical  Tail 

AREA,  FT  2 
RFceRENCE 

£?£r:5EU  plaHFORM 


hEI  G t-T^ 

.c,y.g_£c^ 

ROOT 
TIP 

*'0 M t N T 


FEET 


795.697 
-.279^.897. 
1516. 06^. 
37.923 


LEAPING  EOGf  SwFcp 

_ E A G E . T_/ C 

'taper  ratio 
aspect  patio 
_V.P L Of  E_  .CPP F_F  I C I ENT 


30.000 
.._.£CCO_ 
. 306 
1.923 
.096 


NACELLES  - - - 



FINENESS  F AT  10 
CLOSl'PE  angle 

_J]J..£JLILL'  0 (f  JXJ 

PESIGN  inlet  m4C9 
(aPC  HT)/(LENCTH) 
_STLPT_T/C_ 


NO. 


9.£H10_ 

2.560 

12.000 

.62,9__ 

.6500 

.052 

_.J.CO__ 


ENGINES  - 

£NG.If  F manufacturer 

ENGINE  MCCEL 

SEA  LEVEL  ppfa5£'.C£  THRUST 

SC  A L p ACTCP  

SFC  CGNSE=VA7I5m 


.GElNELEC 


4-r«©'-<c 
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DESIGN.  - 9 . 


« *C Q^I  S.Ui'JiXI  C N..C_-i  i C T £ K_I  jXiC  S . - ZX*.^  • 


. AND 


INC  G>^A?  - - - 
NP.  "Al'i  TIPEt; 

_ "JJ-h jJ ? U f- 1 P fl.  TP 
NGStfTSUMCN  rC 


AXLE 

axle 


ib.cca 
.75.000 
75 . OCC 


. GP AQ  xc; r - - - 
length 
v-ETTEO  AP: 
L/0 


ii‘;7*oeA 

5.0.00 


CARGO  CCKPAPT^-ENT-  - - 

C3*«P  APTHE NT  HETGnT 

COf^PART.HENT  width 
CQf*P  ACTNcNT  length 
C3>*PAPT**EnT  \i CL'JHE- 


paylgac  density 

PAYLOAD  weight 


Xft.OCO., 


Ib.CCO 
lOA. 167 
.^C.6  6..6  67.. 
7.5  00 
200000.0 


PaTLOAO  sized  TD  input  COnPAftTHENT  DI.HEnSICNS 


_DESIGN.r*9. 


GSGiJP  wtIGnT 

«_»  JV  « « » 4 mm  «««#•« 

* "'■CDFL  IC^^.OCO  * 


WING 

H(7PrzoNT4L  tail 

VERTICAL  TAIL 

fcCDr 

LANDING  G5A». 
NACELLE  STPL'CTUR  £_ 
STRUCTURE 


cJiGlNE 

engine  ACC.  AND  INRTL. 
^L’EL  S;'5TEf1 

C N r T N F r.  N T B C !■  *=; 

starting  system 

THRUST  E6VPPSERS 
POCPLLSIuN 


AUXILIARY  PGWEP  LMT 
IiLSI.s,._AN.!L_!lA  V _£.0L1I  ? .. 

surface  ccntpcls 
hydraulics 


iUi.CTSICAL 

AVIONICS 

ARf'Af'ENT 


FljS.Nl 
AI=  C 


SHI 

g'nd 


G3  _.E 
AND 


C.LIP  . 

ANTI-ICING 


BLC  CISTRIFUTICN 


ilJXLL.rAF  Y_GE_Af> 

FIXED  EOIIIPNENT 


i 0 5 9 it  A 
a 94  0 



7351E 

25o21 



207990 

59C 

1673 


2CC 

WC77 

2JJL0  6. 

930 

.96  0 

66fe  i 
2313 

3i>9.0 . 

3950 

0 

5A3.9 ... 

3779 

0 

Z.CpO 

29794 


WEIGHT  EMPTY 

..  . 2 5.6  2 '•i. 

CR  EM 

12  90 

C P = M D P C I I C V F 



CILAMOTS'AOOtOCIL  lc7 

UNtVAlLA  3FL  FLF.L  961 


NCLN_£YP.E_NCA3L£_LSii.UL_Li;.AD 22.39 


operating  WEIGHT  26C630 


MISSION  GROSS  WEIGHT 

560000 

A.-EB  WflGHl 

_22Sai2.. 

O 

U.I  < 


DESIGN  »9 


MISSION  SUM-aPY  DiTA  F2P  MISSION  PSPPYI 

P=Rgv  ^ISSigs  GPQSS  >.rIG^T»  ..lOCQ  L£S..  

FcRPV  PAYL^AO,.  nOO  L£S 
FPkPY  PANG£>n«‘'. 

^T.uTA_L_,FERiX_Eu.tL_t.J.OCC  ,LZS 

3SSEPVF  FUEL/  L?S 
MISSION!  FUEL/  loco  LBS 


_= iEQ  *CUu 

» 200. COO 

» BEGc.CZ^ 
ii‘^.370 
' ll£3P.C3g 
« 1CF.136 


A V EPAC-E  MISSION  3ANGE  FA  C.ID.K-t^T  AJL I rXlIJlBr  C P ILLS  E =..17.3  ^7 

LCITEP  TIME/  HRS.  - 7.fc6E 

LOITRR  RADIUS/  N.  MI.  = 193.13*3 


WING  LOADING.  PSF 
THRUST  TO  WEIGHT  RATIO 

I A LFP  F.F  ,G  RD.Si_H  EJ.G,H]Lf_l  0.  CJ:__L3  S 

CPFPATInG  weight.  iCLO  L5S 
TAKE  OFF  dTsTan'CE.  FiET 

L AN r ING  C I LT AAO  ? ._,^L5.L 

WING  aPEa,  sc.  FT. 

crliTe  out  range  Factor,  nm 

CRUISE  OUT  SFC 

CRUISE  OUT  L/0 

cTuTsF  OU'T  ORaI 

C-.  0_.  UlR  U S1_A.V. AI LA5  LE_-  _L  3-1 

CONFIG  PCwFP  gist.  time  INT.  INT. 

E WEIGHT  MACh 


» 110. COO 

* . iWC 

_= 5.6  Q . U.QI: 

■ Etc . E3C 

“ 80 AZ . 109 

3. 5 Z 7.  .92,6 

- 527Z.7Z7 

= iS736.1o6 

_= . tJ-.C 

= 26.9MA 

* ZQWtjW.^ic 

_-?_25  675.1.9  6 

INT.  FXf'iL 

ALT.  WEIGHT 


1 

TAKf OF  3 

1 .0 

t.c 

• 0 

.052 

550000 

• C CO 

.C 

5735a5 

7 

HA!fPCL 

_1.0 

_5.a 

..  Lil.’  . 

*±5  7 

5 7.8  5 0 5 

.2  91. 

.0_. 

5 1 5 1 A C 

3 

C R U I S F 3 

1 .0 

c .0 

3ACZ  .R 

7.  A60 

55  5F  AO 

.703 

35975.1 

A 7 : 1 0 =. 

A 

LOITFC 

1.0 

5.0 

.0 

.500- 

A71A5A 

.2  P5 

. C 

555599 

— 

CPUISF2 

1 • 

2.0_ 

1<R2.  1.  . 

^ 7 6 ^ ^ ^ 

...  7 c 3. 

370.32.5 

t 

LOITER 

1.0 

c .0 

.0 

7.56  2 

g556H0 

.730 

35965.1 

*t  7 b ^ 
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DESIGN  -10 


**^»CuNF  IGLiSAriC.4  CH4k^CTEr  ISTICS  •»»» 


wI^;e  - - - 
_ ' 4R64S 

TtRAPEZuIDAL  k6F£RE\C= 

AERGDYNAf^IC  reference 
__  WETTED 

GLOVE  

YAKUOI 

_ ailerons  _ 

■ SOCILERS 
SBAN,  FEET 

TRAPE2GIDAL_  CHORDS*  FEET 

ROOT" 

S.0.3. 

_ TIP  _ 

' MGC 

CHORD  OF  the  constant  SECTION 


63o2..635 
b363 .636 
111=50.353 
. CCO 
.CCO 
21=5.365 
2AA.2A3 
273  .AA6 

35.636 
33.349 
1C. 908 
25.455 
33.163 


SWEEPS*  DEGREES 

LEADING  EDGE  3C.0C0 

_ QUARTER  CHORD  __28.019 

TRAILING  EDGE  ■ - ■ 21.619 

GLOVE  LEADING  EDGE  46.500 

YAHJDI  TRAILING  EDGE  _ 13.000 

AVERAGE* EXPOS ED*STREAN«IS £ T/C  ' .lUCO 

STRUCTURAL  T/C  .1439 

TRAPEZOIDAL  ASPECT  RATIO  11.750 

AERO  REF.  aspect  RATIO  ' 11.750 

trapezoidal  taper  ratio  .306 

AERO  REF.  T A F ER  RATIO  .3271 

DESIGN  LIFT  COEFFICIENT  — 'VacO 

FUEL 

WING  _ _3C5919 

BODY  “ ' 0 

TOTAL  305919 


fuselage  — - 

LENGTH,  FI. 

PAXIdUK  WIDTH 
HAXIMUH  DEPTH 
STRUCTURAL  -ETTED  AREA 

'■aerodynamic  wetted  area 

NOSE  FI.^,E^ESS  RATIO 
50nY  FINENESS  RATIO 
AFT  BODY  CLOSURE  ANGLE 
AFT  SQDY  UPSWEEPANGLE 
AFT  BODY  uPSnEEF  AREA 


177. 5C3 
■'25.294 
25.294 
11933.467 
11134.997 
1.5C0 
7.C13 
■"'15.000 
8.500 
671.474 
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DESIGN  =*10 


•*»*CuNr  IGtRATILN  CHAxACT  £f.  IGT  1C  S - !•••* 


-iR£i>  F72 
SEFESS^CE 
ey POSED  PLANFOP.r. 
WETTED 
SPAN,  FEET 
CHOPD,  FEET 
FOOT 
TIP 

>D^ENT  AR,“!,'  FEET 


1aa2«A62 

1 2 3 c . 1 0 I 
2S0'?.59d 
7A  .C=-7 


29.330 

9.131 

32.539 


j^EADING  EDGE  SWEEP 
average  T/C ‘ 

TAPER  RATIO 
ASPECT  RATIO 
VOLUME  COEFFICIENT 


VERTICAL  TAIL  - 

AREA,  FT2  ■ ■ ■ ■ ■ “ 

REFERENCE  9S8.905 

EXPOSED  PLANFCRM  _ 938.905 

WETTED  ■■■  2010.122 

HEIGHT,  FEET  A3.6fc3 

CHORD,  FEET 

ROOT  ■ ■■  39.678 

TIP  . 10.615 

yOHENT  ARF,  FEET  31.297 


30. 000 
■".0920 
.3C6 
_3.3C1 
".73  5 


LEADING  EDGE  SwEE?  30.0C0 

AVERAGE  T/C  .1300 

Taper  ratio  «306 

ASPECT  RATIO  1.923 

volume  coefficient  .0^6 

NACELLES  - - - 

‘‘■UM3ER  9.OC0 

FINENESS  FATIO  ' '~2.560 

CLOSURE  angle  12.000 

D(EXIT)/D(MAX ) _ .629 

DESIGN  INLET  MACH  NO.  ‘ ' .6500 

(ARC  HT)/(LENGTH)  .052 

STRUT  T/C  .100 


ENGINES  - 

FNGINE  MANL'F  ACTURER 
ENGINE  MODEL 

ScA  LEVEL  REFER,  £!JCS  THRLST 

SCALE  Factor 

SFC  CO '(SERVmT  ISM 


GENELEC 


33150.CGC 

1.003 

1.C5Q 
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DESIGN  -10 


■*CL'N=  IGUKiT  IZN  C H A = AC  T E k I S 7 I C S - 


LANOIN'G  GcA5  - - - 

NG.  .‘'.AIN  TISES  Ifc.CCO 

KAr-l,TRUNI  jW  TG  AXlE  _ _ _7i.CC0 

" ^'CSE^TRGNUN  TC  axle'  ’ ' 75. CIO 

G£_AR  _FCD _ 

LENGTH  aE.OGO 

WETTEDAREA  13a5.C^h 

L/D  5.CC0 


CARGG  COMPARTMENT-  - - 

__COMPART“SNT  HEIGHT 

compartment  hIDTH' 
compartment  length 
compartment  VCLLnE 

■ PAYLOAD  OEnS i TY  ' " 

PAYLOAD  WEIGHT 

P A YL  C'AO  S I ZE'D"  T'D'"l  Np-UT  "C  Gh  PA  R T h EN  T C'I  K EnS  I On  S 


__  ccc 

Ic.CCO 
10  A . lo7 
Zab  = b . c c 7 
7.5C0 
2CG00G . 0 


DESIGN  ^ 10  „ 


jSCUr  WcIuHT  SU''. ‘;AkY 
» TcD  EL'  i'o'it  .OOC*”’"  ~ 


WING 

WGKIZCNTAL  TAIL 

vertical  tail  

'3crY  ■■ 

LAN0I»>:G  gear 
N_^ElLc  STR'JCTU^  _ _ 

"■  ■'  STRUCTURE 

ENGINE  

“£  N G I N E~  ACC  .~N  C~l'  N S f L . 
FUEL  SYSTE-i 
ENGINE  CCnTSuLS 
“STa'PTING  SYSTEM*  ’ 
thrust  reversers 

PROPULSION  _ _ 

AUXILIARY  POWER  UNIT 
IWST».  and  NAV  ECUIP. 
'surface  CONTROLS 


>IGS  EQUIP. 

. AND  AMI-ICInG 
? I3UTICN 
Y GEAR 


WEIGHT  EYIPTY 


C IT 

C^EW  pplVISIONS 
OIL  AND  trapped  oil' 
unavaila3el  fuel 

NCNtXPEND£.t;L  E _USEFUL  LOaD 

operating  aEIGHT 

MSS  IlN  GROS  S ‘weight  ■ 


.,-PR  weight 


26fc5Rl 
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DESIGN  =i^0 


^ _ 


SL'^■^iRY  OAXi  FCR  .-SISSICN  FiRRYl 

=JR«Y  ■'’JJSICN  GRCSS  .sEIGHT,  iOc^LSS.  

FcRRY  PiYLCdO.  lO'JO  L3S 
='=RRY  RiNGE^N,.". 

J'jTAL  ferry  FUEL^  IcGC  L3S 
RESERVE  FUEL/  L5S 
>".rSSIoN  FUEL/  icao  I'3S  ■ 

_^VER^E  _MISSI2N  RANGE_  FACTOR/  T A X I-CL  1_*1  B-C  Rul_S  E 

LGITER  TI^^E/  HRS. 


LGITE5  RADIUS/  N.  .YI. 

_ Z E R 0 _ L 0 ITER  _T  I Y 6 _R  A D 1 U S / N I 
WING  LGaDInG/  PSF 
''THR'uS'T  TD'wEfGHT  RATIO 
T_AK^F?  GROSS  WEIGHT/  lOG^LBS 
OPERATING  WEIGHT/  lOOC  L3S 

TAKE  CFF  DIS’aNCE/  FEET 

LA_NDING  DISTANCE/  FEET  _ 
WING  AREA/  SG.  FT. 

~CRUISE~CUT  RANGE  FACTOR,  NY 
CRUISE  Ct'T  SFC 
CRUISE  CUT  L/D 

Cruise  gut  drag 

C C thrust  available,  LBj 


70U  . vC  O 

20C.C00 
55G2  .tcb 
IPS  .=3'’ 
lEBBt . 162 
■ ISC. 3^3 
16A7U .326 
12  .1A2 
19<..6'6R‘ 
_2_751.3A3_ 
liC  .CGG 
.'190' 
7JC.CC0 
20A .C66 
“6092.109 
3991  • 3£  0 
63b3.c36 
T9393.297 
.619 
27 , 99  6 
299W6.656 
3C39C.699 


LEG" 
J NO. 

lEg 

N A Y E 

ccnfig 

POWER 

DIST. 

TIYE 

INI . ' ' 

WEIGHT 

I NT. 
yaCh 

1ST. 

ALT. 

FINAL  ' 
WEIGHT 

■ r 

TAKEGF3 

i.c 

6.0 

. C 

.052 

■'7CO0CO 

.'0  G 0 

' ~ .0 

696196* 

z 

•'AXRCL 

i.o 

5.0 

199 . 7 

.596 

695196 

.912 

.0 

&B3251 

, 

C? JISE2 

1 .c 

6.0 

5 3 C £■  . 0 

11 . 52  J 

C63251 

.603 

375  29.5 

519=52 

9 

‘loiter 

1 .c 

6 .(; 

. C 

.500 

519&52 

"7275 

. 0 

5136=3 

:futse2 

^ r 

L.  0 

19^  . 7 

.<.37 

525156 

.776 

3 95  62.5 

519=32 

6 

LOITER 

1.0 

6 .0 

. C 

12. 192 

£>6  3251 

.751 

375  2L  .1 

52515= 
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t 


• »*»Cj‘^PIGoS«TICiU  CHi^A;TtKISTICS 


A^rAi 

T5i?cZ:-lD4L  RcF-?=-JC£ 

A f r 5x>  T’NA.*  I C RcriiRc^CE 
WETTED  _ 

GLCV  £ 

Y A H'J  D I 
AILERONS 

S=CI lERS  ' 

SOA*',  FEET 

TRAOE2a:0AL_CHCRD_S»  _FE£T 
R G lT 

S.Q.3. 

TIP 
G C 

CHORD  OF  THE  constant  SECTICN 


i.<t  R63  .5DA 
1AE63. iOA 
2725:  .0^5 
.CCC 
. 300 
671. 67d 
fc : 7 . 9C  5 
2W5 .9as 

o2 . Z8o 
59.503 
_29.211 
AfcVC3i 

56.A79 


SWEEPS^  DEGREES 

LEADING  EDGE  . iC.OOO 

OUARTES  CHORD  _ _ 6.917 

TRAILING  EDGE  " ' -2.5C8 

GLOVE  LEADING  EDGE  Wb.Src 

YAHUDI  TRAILING  EDGr  18.CCC 

- . AVERAGE/EXFeSED,STREAH«IS£‘ T/C  “.ICCO 

STRUCTURAL  */C  .1A;9 

trapezoidal  aspect  ratio  _ 6.0G0 

_ aspect  RATlu  * ■■  ■"  c.CuO 

TRAPEZOIDAL  Taper  ratio  .369 

AERO  REF.  TAPER  RATIO  .9069 

DESIGN  LIFT  COEFFICIENT  ' “ .9C0 

FUEL 

WING  1262973 

- EDDY  - ■ ■■  0 

• total  1282973 


fuselage  - — 

L ENGTH  f FT. 

MAX IHUM  WlDT  H 
^'AX:MUM  DEPTH 
STFUCTURAL  LETTED  AREA 
aerodynamic  WETTED  aREA 

NOSE  fineness  ratio 

BODY  fineness  RaTIO 
AFT  BODY  CLOS’CRE  ANGLE 
APT  BODY  UPSwEEpanGLE 
AFT  BODY  UFSL  EEF  AREA 


335.637 
25.299 
25.299 
28975.696 
2s698 . 193 
1.5G0 
15.259 
15.0CD 
8 . 5C  0 
671.979 
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DESIGN  ^11 


♦ IG'v.RATiL't  CniRACTEr  lilies  - I**-** 


HGRiZCMAL  TAIL  e'’_  'I 
AREA,  Ff2 


REFERENCE 

5999.997 

* EXPOSED  F 

L ANFORP. 

. _ 795^,. 559 

WETTED 

6099 .576 

SPAN,  FEET 

112.561 

CHORD,  FEET 

ROOT 

99.713 

TIP 

17.332 

VOHENT  ARH, 

■■'FEET 

179.919 

leading  edge  Sweep  ic .c( 3 


AVERAGE  T/C 

.2920 

TAPER  RATIO 

.369 

ASPECT  RATIO 

3.625 

VGL'JPE  CGEFFICIENT 

.910 

VERTICAL  Tail  - 

AREA,  FT2 

EXPOSED  PLANFCRM 
■ WETTED 
HEIGHT,  FEET 
LHGRD,  FEET 


RDOT  ' ' ’ ■ ' F7 . 926 

TIP  13.629 

PO!->ENT  ARN,  FEET  176.713 

LEADING  EDGE  S..EEP  IC.COC 

AVERAGE  T/C  .lOCO 

TaPERRATIu  .3o9 

aspect  RATIC  1.632 

VCLUPE  CCEFF  iCIEi-.!  .C62 


A.OCO 
2.560 
12.  CCD 
. 629 
" 765C0 
.C5  2 
. ICO 


engines  - - - 

ENGINE  •‘.ANUF  ACTLIPER 
engine  HCjEL 

SEA  level  reference  thrust 
scale  FaCTi_F 
“ SFC  CCNSERvA T ISH 


N‘  A C E L L £ 5 - - - 
MJ*'3ER 

FINENESS  R ATI  C 
CLOSURE  angle 
Dt  EXIT) /D( PAX  ) 

C6SIGN  inlet  HACri  NO. 
(ARC  HT)/(LEnGTH) 
STRUT  T/C 


1307.253 
1307.253 
36o9. 199 
59.309 
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DESIGN  »11 


**»*C I 


• f T C T • ; 


LANC)'iN‘G''’GEa'r"  - - - ‘ 

N'G«f1ilNTIi'£S  3E.C00 

_ Mi  IN,  TRUMCjN  ~C  axle  _ 217.  Alt' 

ncs£,Tkjn:ln  to  axle"'  " -- - 217. aio 

gear  fed  — - 

length  'ss.cco 

WETTED  AREA  2613. ccl 

L/C  5.0CC 


C^RGC  Cn^^PAF  TrtENT-  - - 
CCflRARTMENT  height 
Cai"PARTMENf' ■«'  IDTH 
C2MPARTMENT  LE'NGTH 

compartment  volume 

"‘PAYLOAD  density 
P AY  LOAD  WEIGHT 

Pa'YLTad'  sized  'TC"I'N?UT  compart  iENT""Cir'ENS  ions 


__  16.  OCO 
16"'.  "OCO 
312. 5CC 
9 0C*.v  .wL  0 

7.500 
6 COOCC. 0 


VI’^G  Z 1 7^7  & 

HG^IZCNTiL  T4IL  53=^5 

V3STICAL  Tail  IfclcO 

EGDY  " ' ZZ6o^9 

LA^^CI^G  C-EAk  1ZGo73 

K'ACZLLE  STRJCTGR?  _ j.6n4c 

■ STRUCTURE  ■ ■ *■  ' - - • ~t^‘;63C 

ENGINE  76360 

ENGif  E 'ACC.  "and  f'rsTlV'"  "■  3>;g" 

RUEL  SYSTE-.  A73<5 

ENGINE  C3NTSDLS  20C 

S'TAPTK-tG 'SYSTrr  ■ ' ''  'ZdC 

THRUST  R5VERSERS  1S928- 

PRCRULSICN  1C0538 


I 


COERATING  wEIC-Ht  61C52E 
^ISSICn  GRGSS  « eight  2C5C0CC 
A"?’  H EIGHT  677‘»bA 


AUXILIARY  PQWE'?  UNIT 
INSTk.  and  NAV  cfiUIP. 
SURFACE  CCNTRCLS 
HYDRAULICS 
ELtCTR ICAL 
AVIGntcs  ■■ 

aRYANENT 

FURNISHINGS  EOLIF. 

AIR  CCNO.  AND  AMI-ICING 
ELC  CISTRIsUTICn 
AUXILIARY  GEAR 

FIXED  EwUlrr'F  NT 


WEIGHT  E*'RTY  SC5-392 

CREW  1^90 

CREW  FRuVISICMS  _ _ 3bC 

CIL  ANC  TRARREC  CIL  732 

UNAVaILaEEL  fuel  2565 

nCsEXREsDabL £ useful  LCaD  a037 


93C 

96C- 

1737a  ■ 
11045 
3AA0 
3 4 50  ~ 
C 

9394 
606  3 
0 

2050 

“55224 


,3 


M i 


SUn^^?.Y  OaTa  FCK  ^'ISSICN  Fc=.RY1 

_fjc^  GR  j5  3 .:>jco  lss. 

F'FRr  SiYLOAD.  lOOO  l3S 
"^IrpT' 3~a^'gT7;sTm  . 

T/?TiL  ^§F?Y  rjJEJ->  lOGf  LBS 

RESERVE  Fl'EL>  LBS 
‘■^'I's'SICn"  ?uTLr"id00~L3S 

A'/  ERaGE  HISSION  range  FACTOR/  T A X I -CL  I KB -C  R UI S E 

LCITER  TIf*£>  HRS. 

LOITc?.'~S  aTiVsT’  sT~ M . 

ZESg  LGI  T_EjR  _T^  = R_i  L I L S I • 

WING  L TAD I MG,  PSF 

"T  H Rij  ST  t C ~W  £ I GH  T “R  A T i C 

_TAJ<_EGFF  _GPaSS_WEIGHT,  lOCC  L B_S _ 

operating  weight,  irtC  LBS 

"TAKE  rrp  distance,  FEE*  

LANOInG_  CIST^SCE,  FEET  _ _ _ 

WING  are  A,  SO.  Ft, 

SRL'ISE'tUT  RANGE  FACTOR7''Nf1  

_ CJJUISE  GL'T  SFC  __  _ _ 

SRUISE  OUT  L/D 

'~cruiT£~*cl;t  3 rag 
; c thrust  available,  lbs 


DESIGN  #11 


Z05_C  .COO 
£ 0 C . C G u 
S'.oB  .=t‘* 
53=. A71 
: 1L02 . AtB 
56c . C 5 8 
ltl67 .tCS 
12.303 
130.369" 
__2J32 .9  8_2_ 
137 .COO 
.210' 

__2G5C  .COO 
SIC . 529 
■■■  6006. 160" 
_ 2 7£A. 1G2 
1A963 . 509 
15  719. 3 3” 
. 6 1 o 
2A.712 
aiBHT.cBl' 
119265. 15  *, 


LEG 
K AH  = 

CONFIG 

POWER 

DIST 

« 

TIKE 

InT.' 

WEIGHT 

1NT.~” 

KACH 

IM. 
ALT  . 

final 

weight 

TAKE2F3 

”'1  .C 

'6 . 0 

. C 

'.052 

■ 2C50CL  C 

" '•COC 

.0 

20AA i6 J 

“AXRCL 

1 .0 

5 • 0 

13G 

. A 

.3  30 

20AAltC 

^A77_ 

.0 

2U115 10 

CR.UI3E2 

l.c 

6 . 0 

5 33  5 

. £ 

11.9b2 

2vjll51C 

.730 

3 19CC  .6 

1A51932 

I'^ITER 

l.C 

Cl . 0 

.c 

. 5oO 

‘l >-5  1932  ‘ 

T2£5 

.0 

1 9 a2  5 03 

; 'OISE  2 

l.c 

n.P 

13C 

. A 

.292 

1 9 7 3 5 5 6 

.777 

377  cA  .5 

lAcl932 

LCITER 

i .c 

^ • r» 

.c 

12.3C3 

2011510 

.7t3 

31695*3 

A 9 73  5 -5  3 



_ 

_ 
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DESIGN 


A k A C T £ ?_LS  T-I C S_r_.  1 **•*__. 


[Z^t'T.iL  Tail  - - - 
AREA^  FT2 

3 Ef.E  =L£N£  E 

_A5ci:  ..AE5- 

:yP25E0  °LANF0R« 

3901. 2t5 

WETTED 

7901.167 

'l  P **  ._fa  F ? 

CHCPn.  FEET 

"C-tM  AR 


TAPER  R4TIC 


9 ..a  7.3 


VCLL'/"£  COEFFICIENT 
VERTICil  Tail  - - - 

. c2  9 

AREAj  FT2 

REFERENCE 

229t.9S6 

Fx=GE=0  0 LAN  FORM 

2296.956 

wetted 

Aot  3 . *»  19 

HEIGt^T^  feet 

6 i . 2 2 0 

“CirtF  “JT  AR  ^ » F F F T 

176.713 

leading  edge  s>.eep 

iO.GCC 

AVEFaGF  T/C 

.JIC.CC 

Taper  patio 

.3  89 

A5PECT  PaTIC 

1.632 

VDLIjA'E  CuEPFICIENT 

.015 

NACELLES  - - - 

F 

INE 

Nr 

S 

S R 

AT 

10 

Lor 

L'R 

r 

A N 

GL 

f 

D 

LE7 

TT 

) 

/c  ( 

Sa 

S).. 

1 

ESI 

GN 

INL 

ET 

^‘ACF 

( 

ARC 

H 

T 

) / ( 

1 c 

NGTW  ) 

r 

T.'l 

T_ 

T 

/Q_ 

f 

DESIGN-.  *12  - 


G URATICf!  C HAr  t C_T ic  T_s 7 I_c S_.-_2_* * 

f 


LANDING  GciR  - - - 
NG«  f'AiN  TIPES 

t:.4.  I>-t-TR12NI  C^_.TG_A.XL  5 

NCSE^TRL'NICN  TG  AXLE 


?3. OCO 
29A  31 1 2A 


'•-PAR  °JO  - - - 
LENGTH 
WETTEP  AREA 


22  .OCO 

.21A.^A3 

21^.5AH 


CARGO  CGNPARTMENT-  - - 
C-P  rPART>*EN7  HEIGHT 


_Lc.»  0.0.  Q_ 


COKPaRThenT  width 
COMPAPTMENT  length 
_C  Q.h£a£J>c_j£T_V  0 L.u  HE_ 
p'aylcad  density 

PAYLCAO  WEIGHT 


16.000 
312. 5CC 

_&.c.ao.Q...Q.co_ 

7.500 

600000.0 


PAYLOAD  -EIZED  TP  INPUT  CONPARTMcM  0 I ^16N  S I CN  S 
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DESFGN  ^12 


G ' u U P t:  I j H 7 S U *1  ^ 4 r y 

• .»•_♦  » *«  • » • » • *.* 

» model  104-^. GCC  » 


WING 

HOSIZOMAL  TAIL 

.JLEPIICAL.JAIL 

BCC-y 

LANDING  GEAS 
_NACELLE  _5TcucTl'S  S 
STkUCTllP? 


e 4 1 q q 
59C 
5666 

2iia 

ZOO 
16941 
CLSiHs. 

930 

SAa 

2C6c9 
12540 
_ 3 44.0.. 
3450 
0 

9440 
6090 

V 

_2CJ  0. 
cC56  5 

4EI.G.HT  .jEPPT.'^ 947^10.5 

CREW 

-C.R  = w_RiLC,V.I  S LC  

OIL  AND  TRAPPED  CIL 
L'NaVAIL  A“EL  RUEL 
N” PJIN  r A 5 L E _U.S  E.'LO  L_.L 0 A 0 

CPEPaTing  height  953703 


MISSION  GROSS  WEIGHT  2475200 

.4  M .P  R_..W ,E  I G nX 5.0  5 5 c 3, 


1290 
_Ji.5.a 
773 
3 6a  1 
.6.0  9 9_ 


ili-GiJi  E 

ENGINE  aCC*  and  IN'STL* 

el'el  syste.m 

R1LG.I.ClP_C.C.nJ  pj:  ls 

STARTING  SYSTEM 
THPijST  RSVERSPPS 

PROPULSIO  N 

AUXILIARY  POWER  L'MT 

.1  N S T R . _AN  C.  N A V .. E.G UI P... 

S'URPACE  CONTROLS 
hydraulic  ' 

EJ.ECTP.IC_AL 

AVIONICS 

armament 

H’iOLl  ..  E.0 1.)  I P_. 

ATR  CCND.  AND  AnTI-ICING 
SLC  CISTRIRUTICN 

auxiliary  G E 4 P 

FIXED  equipment 


376  005 

46420 


2 3 613  5 
14172C 

_i9577  1 

776COO 
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IJJ  Cj 


TiKE  c=r  DISTANCE^  =cET 


see?  .26*. 


LflN’P  I NC-  C IS  Ti  f.C  E ? T . 

WING  aP=A»  sc.  PT. 


.5  ..3*.98_.Jo2. 
- 19038  . **62 


C=’UISS  GUT  «iNGE  FaCTGk,  N'", 


« i7S15.25r 


C 0 

Thrust 

_A  V A 

:i  A 3 L E>.  1.  P, 

5 

=127663 

..121. 

LEG 

NC. 

L'^G 
Ni  A “'E 

CCNPIG 

PO'-E 

P CIST. 

Tl^,z 

INT. 

WEIGHT 

INT. 

►'4CH 

INT. 

alt. 

FINAL 
W 1 1 Gh  t 

1 

Ta)Teo'pT" 

1.0 

6 . C 

Vo~ 

.052 

29750C0 

. OCO 

.0 

2 9 6 6 7 6 9 

2_ 

__MA_v9CL  _ 

1 ._a_ 

_ e . 0 

159.6. 

.911. 

2 9 5 8.7  d 9 

_ .966 

. 0 

2925633 

3 

:='jr>3 

1.0 

6 . J 

7072.3 

15  .7*.! 

2925833 

.777 

317C9 .9 

161999s 

u 

it;,—  ' 

6.0 

. C 

. 50  0 

1 ^ 1 9 9 *•  .5 

72T9 

159976c 

<; 

C ^ U I S £ 2 

^ 

. s. 

IS^-.t.. 

.35  9 

.15  35C27 

. 779 

39263.9 

..  1 1 1 9 9 9 6 

LOITP. 

1.0 

^ . c 

• 0 

ir.552 

292S-33 

. 790 

31709.7 

1625027 
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DESIGN  =t3 


PUSeLAGE  - “ - 

L £>■  G I . 

“AXI**'J'''  width 
^AXIri'n  depth 

IT  P L' C_IiJ  P A L_w  = T T c_0_J.  PEA 

AEPCDvna.'‘IC  wetted  APPA 
NnSF.  FI^EnESE  5ATIG 

3 CDJL  !^-C  1 5 S_.=LA  T I c 

AFT  BHDY  CLTSUSE  a.-'GLE 
A=T  5CDY  UPS^EEPASGLE 
^AF_t  0rDY_v;?.Sw5EP..A  = EA 


DESIGN  = 13 


CHCPC.  PcET 
RDCT 
TI  0 


r^Qf^'ENT  Af'l*  FcrT 


A 6 . F9 1 
I'..  38A 


LE4CING  e OGE  SWEEP 

AVERAGE  T/C 
TAPER  RATIO 

ARPCCT  ;aT 10 

VGLU.-^E  CGEFFICIE'^T 

vertical  ^Taxl  - - - 

AREA,  FT 2" 
REFERENCE 

EJ<  ^0  S E D . ? L AJ-LILOI 

WETTED 

HEIGHT^  FEET 

c>-'OPO>  feet 

RCCT 

TIP 

S*>T  ARM,  FEET 


.0920 

.306 

.9Z7 


221A  .21a 
.2_21A_.21P 
9500.893 
65.676 

51.626 

15.SC3 

176.713 


LEADING  EDGE  SWEEP 

_A 'JE R _^E  _T /_C 

ta°ep  p'ati’c 
aspect  ratio 

VOU.MR  CD  = F = ICIENT 


30 . 0 C 0 
1P0C_ 
.3  06 
1.996 
.051 


NACELLES  - - - 

M ! > c C ? 

fineness  RATin 
CLOSL-PE  angle 

C .(,=  X IT.)  / D (.f/.X  ) 

PPS!G^;  INLET  maCH  \3. 

(ARC  mT)/{LENGT^) 

STPL'T  T / C 

engines  - 

F ^’GI^'E  panijFaC To R E.p ^ 

E G I N E 9 r D E I. 

sea  level  reference  t>-rust 

rCALF  RACin.P  . 

SFC  CGN'SFRVaTIFm 


^ 


__9 , 0 C 0 

2.560 

12 .000 

.6  29  

.6500 


GENEL  EC 


!3150.0CO 

3.6E2. 

1.050 


DESIGN  ^13 


£J  'j.L'  AiL;  C If  LSJJLS_-__Z_*  * - •_ 


Li^^niNG  G=i?:  - - - 

NO.  .“AIN  TICEa  22.0C0 

^AlN^TPjJNIGN.  T.q  _iXi^ Z3b.ZL9 

NQSf  .r» 'J.MGN  TD  axle  22t.2C9 


A p A 3 ? g C_r  _r.  - ' 

LENGTH  E3.0C0 

WETTED  AREA  277A.2A7 


CARGO  compartment-  - - 

^ U 

r'TMPART.MFr.T  HFTSKT 

: n.DGn 

compartment  WICTa 

16.0CC 

compartment  length 

3 12. 5 DC 

COMPaRT-ENT  VOLUM.R 

A n f ) r.  ii . n n n 

®AYLCAD  0EN5ITY 

7.500 

PAYLOAD  weight 

60CCCQ.0 

PAYLOAD  SIZED  TO  INPUT  COMPARTMENT 

DIMENSIONS 

WIN  r, 

hG’IZQNTiL  TAIL 
. V e = tical  tat L 

5CDV 

LANDING  GEAR 

Ji  A_C  E L L_E _ S 1"?  U C T UR  F 

STRUCTURE 

*:  N GIN  f* 

ENGINE  ACC.  AND  INSTL 
FUEL  system 

_E  N G IN  E CCNTPC!  S 

STaRt'inG  SYSTEM 
thrust  SEvfrsERS 
PRC  ?UL  S_I.i?N 

AUXILIARY  POWER  UNIT 
-liil  T S_j__A  N D_  N AV  . E_CU  I P . 


:.OEt>75 

365WA 

_JL2T13 

23Co31 

138^01 

...20J32 

a31HG2 

S.Z3Z1. 

5R0 

A57S 

2.0.0. 

200 

1B065 


_CR  rU  orlv  IS.I.INS 

CIL  and  TRAOPEC  CIL 
UnaVAILaEEL  fuel 

UIN  w X_P  & N D A S LJ  . LlSJ  FJJ.L_  load. 

operating  WEIGHT 


■YISSICN  GROSS  WEIGHT 
iHPF  WEIGHT 


3aO.._. 

330 
252  A 

5.0  Rii 

1061722 


225C0C0 

R 0 S G 5 5 


r 


DESIGN  ^13 


MIjGIOn  S *1  a PiTA  ^ilPSIQN  ‘^  = ®9Tl 

? PPQf  MTS<^TrK  __Gi.  Cli  Wrt  G r T « i J Gi:.  _L£  1 . ? Q * C 0 0 

FEhRY  PiYLCiP^  lOGC  LBS  = sCiO.COC 

* 53®^'t  , 9'Pc 


^cRP.  f «ANGE>Ni»''‘« 

. TGT4L  FERR  Y -t.^BL  j_l 2JJJUL 3,1. 
PESE5VE  FUEL^  L3S 


rtlSSICNi  FIJ£L»  loco  LBS 
AVFeaGF  »*ISSICN  gANGi_.fA.CT.a??._.J AlirX.I 
lCITER  TI^-E,  hRS. 


* 533.73^ 

.^.X9.U_L.J3C. 

- 11.E73 


LOITER  Radius#  n.  “I. 


WING  LOADING#  PSP 


1 2 6 . E 6 7 
133. COO 


Tf^RUST  to  wEIC-wT  RATIO 
TakFCFF  gross  wF  LG  hJ  _i  0 CC;  J.3 


- .217 

2Z5-0.,.CaC 


operating  wtlGwT#  lOCC  LBS 


TAKE  Qcp  DISTANCE#  FEET 
.X ANDING  distance = 5 E_I_. 
wiNG  AREA#  SC.  FT. 


1061.722 
6291. C5A 


_^„3  970_.i21_ 


“ 16017.293 


> 

CRUISE  OUT 

RANGE 

factor- 

= 20636 

.776 

CRUISE  OUT 

Lfc 

S 

.«  c2_2 

CRUISE  CUT 

L /D 

= 30 

.076 

CRUISE  OUT 

C ' AG 

- 73936 

.692 

■' 

C n THRJST 

AV  AIL 

A 2 L Li  L ? 1 

1179^2 

.JZC2-.  _ 

LEG 

LEG  CCnFIG 

PDi>  E = 

CIST.  T:.n£ 

IM. 

INT. 

IM. 

final 

NO. 

NA'^E 

WEIGHT 

iTiCH 

ALT  . 

1.  £ I G r*  T 

1 

TAKSCIF3  1.0 

6.0 

.0  .062 

2250C00 

. 000 

. C 

22-3377 

2 

“-AYRCL  1.0 

5 . C 

128.9  .32? 

?2A3 377 

1 6 9 

...  0.. 

C P U 1 5 E 3 1.0 

6.0 

6266.1  11.112 

22C66o9 

.826 

3 6 C A 7 .2 

1 7 1 ; 6 

’i  4 

LOITER  1.0 

b • c 

.0  .5  C.C 

1711266 

.2«'9 

.C 

1 r ^ i 1 3 

5. 

_CR.U:SP2  _ 1 .1 

. 3.0 

. :2^,'^  ,272 

. 1722159... 

.6  26 

a126o.6_. 

..  171^166 

LOITER  1.0 

6 . C 

•c  11.373 

Z 2 C fc  b ^ 

. 7 ^ b 

3 6 C A 3 . 3 

1 7 2 2 ■ 9 
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DESIGN  -14_ 


[jN PI  C-U RATI GN'  character 

ISTICS 

Wl^'S  - - - 
AScfS 

T-APEZGIGaL  pEFEP'ENCE 
A£?-jnYMA>'IC  REFERENCE 

■-ftteo 

ZOeZJ .0 jO 
ZCfcZS.CLO 
33816. ftAO 

G E CV  E 

Y AH(IC  I 

a!LF  = Gr,<; 

. CCO 
. CCO 

776.573  . 

SPOILER’S 
SPA^,  c=ET 

TPAFEZGIDAL  chords,  feet 

72‘,.RZ7 
AG7. ^9^ 

RCCT 

S .0.3  . 

TIP 

63.903 
61.299 
19.  A3;> 

MGC 

95.3^7 

CHORD  GF  Trie  constant  SECTION 

pc. 073 

SriEFPS,  degrees 

leading  edge 

3C.0CC 

CUAPTEo  C“CRD 

26. Col 

TRAILING  EDGE 

21.SC5 

GLOVE  leading  edge 

96  . SCO 

YAriuoi  trailing  edge 

Ic  . OCO 

AVE?ir,e,EYP'CSEC,STREAMJI5£  T/C 

. lOCO 

stplctijral  t/c 

.1939 

trapezoidal  ASPECT  RATIO 

12. OCO 

AERC  P£F.  ASPECT  RATIO 

12. OCO 

trafezoioal  Taper  =atio 

. 30o 

AERO  REF.  Taper  patio 

.3173 

DESIGN  lift  CGEFPICIENT 

.9C0 

FUFL 

WING 

1766312 

POOY 

0 

total 

1766312 

Pl;SELAGE  - - - 

i_c:,jGTM,  PT. 

3 6 5 . B S 7 

“A  Ylril,'-  (.IDTri 

25.294 

“AYIPUH  DEPT-^ 

25.294 

structural  wetted  area 

28975.696 

AFRO DYNAMIC  wETTEO  AREA 

26393.533 

NOSE  FINENESS  RATIO 

1 . 5 C C 

8CDY  fineness  PATIO 

15.254 

AFT  “ODY  CLlSL'FE  angle 

15. OCO 

AFT  body  UPSwEEPaNGLE 

6.  SCO 

aft  BODY  UPSWEEP  AREA 

671.474 

DESIGN.  al4 


LGJJfJ 


•T''  A'  Ch 


riCS 


iCPIZCMiL  Tail  --- 
*■  i'RE^  RT2 

?EPi.R£NC=_  

rXBrsec  PLaNFCRr 
WETTFO 

S_P  -*•  = E J 

chcsCj.  feet 

RCCT 

TIP 

^'CH.£NT  4R“.»  FEET 


LgarTNG  tPGC 


CCD 


average  t/c 

TAPER  RATIO 
ASPECT  P.  A T I 0 


A^TJ.  £S-3- 
Sbc^.Z^-Z 
77CA.671 
_li.0.^6fc5 


5Z.A77 

Jjb^63._ 


179. AlA 


3Q.GIi.Q- 


.0920 
.306 
3>-£l-5  . 


VOLUf-F  COEFFICIENT 


VERTICAL  Tail  - - - 
AkEA.  FT2 
fi  EFEREKCE 

p 0 S E CL _pj_  AN F c ful. 


getteo 

HEIG>-Tj  feet 

CHORC^  _FiiT 
PCCT 
TIP 

‘‘OF'FNT  ASM. 


FEET. 


LEACING  EGGE  S^-eE? 

_jL\i  F s A ^E__T  /_C 

T&>  £5*  3 at'IO 
ASPECT  RATIO 
_V  0_L  UJ^  E_  C Oi.F  LI  C I E.N  T_ 


2523.756 

.2323.736 


5150.056 

70.116 


55.116 

16.S71 

.176.713 


3C.CG0 
1 0 C 
.30 
1 . 9A 
.06 


NACELLES  - • 

Ml : K C5 


fineness  ratio 
CLGSIJR''  angle 

a'-iTiT) /c  (r:AO.. 


DESIGN  INLET  MACH  NO. 
( ARC  HT  )/ (LENGTH ) 
JTRI  T.T/C.  


6..QC 

2.56 

12.00 

. 62 

.650 
.05 
.3  C 


ENGINES  - - - 

E N G I N E ^ A M L'  F A C T D ^ E R 

E f.  C- 1 N F M 0 r t L 

SEA  level  SEFERFNrc  t 

S.CalE  FaOTOF  

SEC  Cr.-'S  FR  VA  TI  3N 


'-'i.ST 


C-FNE3E 


33150. CO 
.3.36 
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DESIGN 


».EIGhT  GU.'iMiSir 

♦ * 

at  g » 

* ^COtL  iO^H.CCO  * 


WING 

o2e3i  i 

hCpIZDN'TAL  T^ilL 

AG675 

V P 5 T T C /.  t T /i  r 1. 

? f q 1 

BGDY 

2 3 F 5 1.  0 

LANOING  GEAP 

156<P19 

NACELLE  ?TPl'CTU=E 

. 20fc2O 

STP'JCTURE 

1036912 

PNGINE 

9 : 1 1 0 

ENC-I^JE  ACC.  AND  INSTL. 

590 

PUEL  SY5TE''^ 

5511 

pngTn-p  ccnt;di  G 

200 

STASTING  <J''STE“ 

2C0 

ThouST  b.EVEPSEPS 

17S75 

PPJPL'L  SIGN 

li5A?6 

auxiliapy-pqwep  unit 

930 

TNPT5.  AND  NA*/  ECUTP. 

9A0 

iUPPACE  CCMPCLS 

233  9A 

HYnp  AiJL  ICS 

1<.519 

EL  FCTPTCAL 

3 aaC 

AVIONICS 

3A5C 

aR“4)-EN'T 

0 

FL'ANISmingS  EC'.JIP. 

9A55  . 

AlP  CuND.  AN'O  ANTI-ICING 

E 09  5 

PLC  DISTSIPuTIGN 

c 

AUYILIAPY  GPAP 

2 0 5 0..  ._  .....  _ 

PKEO  ECUTPYEN'T 

e A2t  3 

wgTGHT  F“PTY 

1 ri AA=p 

CP  EW 

1290 

C P P w 0 R a V T t;  ; r vj  ^ 

2 A*  0 

GIL  AND  T=4=PFD  OIL 

= 21 

una'>aila3el  fuel 

3 = 33 

nonf ypancasle  useful 

LOAD  599A 

CPEPATING  WtlGi-T 

1222676 

YISSIUN  GROSS  „EIGriT 

2690000 

A.-PF  WPTGHT 

..  . ..  LC63020  - - . ...  . 
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LANTili^iG  DISTANC>-.>  F = ET 3 7f7.,.315 

WlNGARcA.se.  FT.  =2G6Z5.Uui,- 


CRUISE  OUT  range 
C R’JI  SF  GUT  S FC 

FaCTCR/  nm 

' = 2 is' 6 

X 

6.73V" 

.c2W 

CFUISF  nt’T  L/n 

a 3 

1 . A37 

CRUISE  GUT  DRAG 

= S 2 3C 

7.232 

C G THRUST  A WTL  A 

5LE,  lbs 

=11552 

6.675  . 

LEG 

LEG  CONFIG  POWER 

CIST.  T 

T M E 

INT  . 

INT. 

INT. 

final 

NO. 

NAHE 

W c i G (i  T 

‘'  AC  H 

ALT. 

w c I G h T 

1 

TAKE0F3  1.3  6,0 

• c 

.052 

26^0000 

.000 

26335-6 

2 

M4)(5CL  1.0  5.0 

172.0 

. H39 

2623^^6 

. F57 

• c 

74^5 

3 

CPUITE3  1.0  fc.C 

6FHC.5 

,6'=7 

25'“  7H6W 

.tZH  - 

36255.2 

1 c 5 2 7 7 0 

A 

LOITER  l.G  6.0 

.0 

.500 

1333776 

. 2 C B 

.C 

i 0 6 3 5 - 2 

C F U I_S  E 2, . 5 _ *? . 0.. 

1_7_2^.0 

,5^-6 

16F5RR5 

• ^ 

H i 5 0 7 . 1 

__  ItB  377c. 

t 

LOITPR  1.0  6.0 

.0  15 

. c 

2 5 - T ^ t 

.7rZ 

3 6 2 R 6 . c 

1 c 9 V 5 

APPENDIX  C 

STEDLEC  ENGINE  CHARACTERISTICS 
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ac  Engine  Installed  Performance 


Figure  2 Summary  Stedlac  Engine  Technology  Advancement 


Turbofan 


Basic  Scaled' 


Takeoff  thrust,  SLS 

33,150  81,800 

Takeoff  thrust,  SL,  M = 0.1 

29,650  71,540 

Bypass  ratio 

7 7 

Fan  pressure  ratio  - design 

1.7  1.7 

Overall  pressure  ratio  - design 

38:1  38:1 

Turbine  inlet  temperature 
(Takeoff  @ 86°F,  SLS) 

1600°F  2600° F 

Exhaust  system 

Mixed  Mixed 

Fan  tip  diameter 

78.8”  124.2” 

Bare  engine  weight 

4515  lbs  14,100  lbs 

Thrust/weight  (SLS,  takeoff) 

7.3  5.8 

Description 

Advanced  technology 
2-spool  turbofan 

Prop  Fan  (Scaled)• ** 

Takeoff  thrust,  SLS 

47,420 

Takeoff  thrust,  SL,  M = 0.1 

71 ,540 

Overall  pressure  ratio  - design 

38:1 

Turbine  inlet  temperature 
(Takeoff  @ 86<^F,  SLS) 

2600°F 

Prop  diameter 

25.6' 

Bare  engine  weight 

8950  lbs 

Gearbox  weight 

7290  lbs 

Prop  weight 

4500  lbs 

Description 

Advanced  technology 
2-spool  turboprop 
with  prop  fan 

Figure  3 

Stedlac  Engine  Character' 

•^Scaied  using  General 
Electric  scaling  factors: 

.5 

D=(re-rrl  78.8” 


33,150 


/81,700V'^^ 

VVgt  =\ 33,150/  4,515  lbs 


** 


• Core  engine  sized 
to  match  turbofan 
engine  thrust  at 
TO,SL,  M = 0.1 

• Prop  dimensions  and 

weight,  and  gearbox 
weight  derived 
from  Hamilton 
Standard  information 
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APPENDIX  D 

CONFIGURATION  CHARACTERISTICS  FOR  A CIRCULAR  CROSS 
SECTION  FUSELAGE 
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3 4 5 6 7 8 9 


I RANGE  (1,000  nmi) 

1 


Figure  1.  Planfonn  Characteristics 


FUEL  BURNED 
(1,000  LB) 


400  h 


CRUISE 

MACH 

NO. 


1, 


lOh 

sl 

.15r 


TOGW 
no6  LB) 


t/c 


1 


TOTAL  LIFE 

CYCLE 

COST 

(BILLION  S) 


TON  Ml 
LB  FUEL 


3.00  ■ 
2.80  • 


DOC 

(C/ATM) 


Figure  2.  Sweep  Sensitivity 


8h 


RANGE  (1,000  MILES) 


RANGE. 


DOC 


■LCC 


DESIGN  RANGE 

• PAYLOAD  400,000  LB 

• STEDLAC  ENGINE 

• 1985  TECHNOLOGY 

• CIRCULAR  CROSS  SECTION 


1.0  1.2  1.4  1.6  1.8  2.0 

TAKEOFF  GROSS  WEIGHT  (10®  LB) 
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TECHNOLOGY  ASSES; 


ADVANCED  TECHNOLOGY  CONCEPT  DESCRIPTION 


1.0  AERODYNAMICS  TECHNOLOGY 


1 . 1 Variable  Chamber 

What  It  Does:  Variable  chamber  changes  wing  section  camber  to  allow  optimum 

operation  at  all  pnases  of  the  flight  envelope  which  are  normally  flown 
"flaps  up."  This  concept  would  allow  an  optimum  high-speed  cruise  airfoil 
to  be  designed  without  compromise  for  "off  design"  performance  such  as  long 
range  cruise,  climb,  holding  and  buffet  margin. 


Development  Status:  Extensive  analytical  studies  and  wind  tunnel  tests 

have  been  conducted  on  thin  wing  combat  configurations.  Flight  tests  are 
currently  being  planned.  Additional  work  is  required  to  identify  and 
quantify  the  variable  camber  payoff  for  thick  wing  subsonic  designs. 


Development  Costs : Development  costs  which  will  involve  large  scale  testing 

at  high  Reynolds  number  as  well  as  manufacturing  developments  on  the  order 
of  SI  DM. 


Development  Time  Scale:  Variable  camber  designs  could  be  operational 

by  1985. 

Concept  Appl i cabi 1 i ty/Limi tations  : Initial  development  of  the  variable 

camber  concept  has  been  for  application  to  thin  wing,  highly  maneuverable 
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combat  aircraft.  Applications  to  large  transport  aircraft  with  moderate  to 
low  wing  loadings  are  forseen  which  would  considerably  simplify  high  lift 
systems  together  with  climbout  L/D  benefits. 

Technical  Payoff:  Variable  camber  may  improve  "off  design"  lift  to  drag 

ratio  by  lOio. 

1 .2  Laminar  Flow  Control 

What  it  Does:  Laminary  flow  control  greatly  reduces  friction  drag  by 

maintaining  a laminar  boundary  layer  through  sucking  off  low  energy  air 
close  to  the  surface  through  holes,  slots,  or  porous  skin. 

Development  Status:  The  technical  feasibility  of  LFC  has  been  demonstratec 

in  the  research  carried  out  by  Dr.  W.  Pfenninger  and  his  associates  in  the 
X-21  flight  program.  The  economic  feasibility  has  not  been  as  well  estab- 
lished and  depends  upon,  1)  the  weight  penalty  for  a practical  bleed  slot, 
duct  configuration,  and  pumping  system,  2)  maintenance  and  operational 
costs,  including  effects  of  utilization  differences,  if  any,  associated 
with  the  LFC  system,  and  3)  initial  airplane  cost  increment  associated  with 
LFC. 

Development  Costs:  At  the  conclusion  of  the  X-21  program,  a number  of 

problems  existed  that  required  additional  understanding  for  the  successful 
application  of  LFC  to  transport  aircraft.  Problems  which  still  exist  today 
(e.g.,  LE  instability  of  SL,  allowable  roughness,  steps  and  gaps,  humidity 
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effects,  high  lift  compatibility,  construction  techniques,  etc.)  must  be 
resolved  before  a practical  LFC  oriented  configuration  concept  can  become  a 
reality.  It  is  estimated  that  such  a R&D  program  would  require  between 
SIOOM  and  S200M. 

Development  Time  Scale:  A LFC  airplane  could  be  operational  by  1990. 

Concept  Appl icabil ity/Limitations  : LFC  has  the  greatest  potential  performance 

benefit  for  long-range  or  high  endurance  airplanes,  and  in  particular, 
freighter  type  aircraft  with  "global"  range  requirements. 

Technical  Payoff:  LFC  on  a long  range  airplane  can  result  in  a net  aerodynamic 

efficiency,  ML/D  increase  of  30%. 

1 .3  Advanced  High  Speed  Airfoils 

What  it  Does:  An  advanced  high  speed  airfoil  permits  increases  in  cruise 

speed  without  sacrificing  L/D.  At  moderate  subsonic  Mach  numbers,  the 
relatively  large  variation  in  upper  surface  curvature  on  a conventional 
airfoil  produces  an  area  of  supersonic  flow  that  is  terminated  by  a strong 
shock  wave  This  shock  produces  a pressure  drag  associated  directly  with 
shock  strength.  On  the  other  hand  the  high  speed  airfoil  by  virtue  of  its 
reduced  upper  surface  curvature  produces  a partly  isentropic  reccmpression 
of  the  local  supersonic  flow  on  the  airfoil  surface.  As  a result  of  this 
nearly  ideal  recompression,  the  terminating  shock  wave  can  be  kept  weak 
until  significantly  higher  free  stream  Mach  numpers  are  reached. 
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Development  States:  Analytical  predictions  and  wind  tunnel  data  whicn 


confirm  the  preaicted  gains  are  available.  Also,  available  is  some  flight 
test  data.  Additional  analytical  work  is  required  leading  to  a full  three- 
dimensional  transonic  analysis  method.  Careful  tailoring  for  each  spanwise 
location  to  eliminate  3-D  effects  is  required.  The  resulting  method  will 
have  to  be  verified  by  both  wind  tunnel  and  actual  flight  tests. 

Development  Costs:  To  realize  the  full  potential  of  advanced  airfoil 

technology,  an  anticipated  development  cost  of  SIOM  is  required. 

Development  Time  Scale:  High  speed  airfoils  can  be  developed  by  1990. 

Concept  Applicability /Limitations:  High  speed  airfoils  will  be  most  applic- 

able to  high  subsonic/transonic  long  range  aircraft. 

Technical  Payoff:  High  speed  airfoil  designs  can  increase  aerodynamic 

efficiency,  ML/D,  by  10%. 

1 .4  Natural  Laminar  Flow 

'>\lhat  it  Does:  Natural  laminar  flow  reduces  friction  drag  by  delaying 

boundary  layer  transition.  The  low  drag  of  laminar  flow  airfoils  is  achieved 
by  designing  for  long  stretches  of  laminar  boundary  layer  by  moving  the 
point  of  maximum  thickness  and,  therefore,  the  point  of  minimum  pressure  a 
considerable  distance  aft  of  the  leading  edge. 
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Development  Status:  The  concept  of  natural  laminar  flow  nas  been  used  and 

proven  on  low  Reynolds  number  applications  such  as  sail  planes  and  up  to  a 
Reynolds  number  of  13  million  on  the  P-53  King  Cobra  flight  tests.  Analyt- 
ical work  is  in  progress  to  design  high-speed  natural  laminar  flow  airfoils. 
Additional  analytical  design  work  and  flight  test  verification  is  required 
along  with  studies  to  establish  smoothness  and  waviness  criteria  along  with 
Che  associated  manufacturing  costs. 

Development  Costs:  Development  of  manufacturing  and  operational  techniques 

are  the  primary  drivers  (e.g.,  surface  waviness  and  roughness,  caps, 
contamination).  An  estimated  S5M  is  required  including  technical  develop- 
ments. 

Concept  Applicability/Limitations:  Since  natural  laminar  flow  airplanes 

will  have  low  sweep  to  avoid  cross  flow  instability,  as  well  as  lower 
critical  Mach  number,  cruise  speeds  will  be  relatively  low  (7-. 73).  This 
will  tend  to  limit  application  to  those  cases  where  fuel  burned  is  the 
primary  figure  of  merit  such  as  cargo  or  high  endurance  patrol  aircraft. 

Technical  Payoff:  Natural  laminar  flow  airfoil  design  will  increase  aerody- 

namic efficiency,  ML/D  by  7%. 

1 .5  Compliant  Skin 

What  it  Does:  Compliant  skin  reduces  turbulent  skin  friction  drag  by 

providing  a compliant  wall  which  accommocates  pressure  fluctuations  in  the 
boundary  layer  and  reduces  shear  stress. 
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Development  Status:  Although  turbulent  skin  friction  reductions  have  been 

achieved  in  wind  tunnel  tests  of  flat  panels  the  mechanism  of  drag  reduction 
are  not  fully  understood.  Further  research  into  the  mechanism  of  drag 
reduction,  both  theoretical  and  test,  is  required.  Tests  are  also  required 
on  representative  airplane  components  as  well  as  verification  of  drag 
reductions  in  the  aircraft  flight  environment.  Research  into  the  character- 
istics of  low  modulus  materials  is  required  to  develop  materials  with  the 
desired  characteristics  and  durability.  Studies  will  have  to  be  done  to 
determine  the  impact  on  manufacturing  and  maintenance  and  to  develop  methods 
to  guide  application  of  the  compliant  skin. 

Development  Costs:  Somewhere  between  SIOM  and  SIOOM  - difficult  to  scope  ^ 

since  "breakthrough"  in  understanding  and  material  technology  is  required. 

Development  Time  Scale:  Compliant  skin  designs  could  be  operational  by 

1990. 

Concept  Appl icabil ity/Limitations  : Compliant  skin  offers  the  biggest  j 

payoff  to  those  designs  having  a relatively  large  fuselage.  | 

! 

Technical  Payoff:  Compliant  skin  offers  potentially  the  same  improvement  | 

as  body  boundary  layer  control,  4%  improvement  in  ML/D. 
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1 . 6 Body  Boundary  Layer  Control  | 

What  It  Does:  Body  boundary  layer  control  reduces  fuselage  drag  by  the  use 

of  low  energy  air  injection  through  a series  of  a ring  slots  around  the 

i 

front  of  the  fuselage  together  with  aft-body  suction  to  prohibit  separation  | 

and  reduce  the  body  profile  drag.  The  low  energy  air  required  for  the  slot  j 

injection  system  could  be  obtained  from  an  aft-body  suction  system  or  from 
a wing-tail  laminar  flow  control  system. 

Development  Status:  Turbulent  skin  friction  reductions  have  been  obtained 

experimentally  and  these  results  have  been  consistent  with  analytical 
projections.  Additional  work  includes,  1)  research  into  the  drag  reductions 
mechanism,  2)  tests  to  investigate  configuration  variation  effects,  3) 
studies  to  determine  manufacturing  and  maintenance  impact,  and,  verification 
of  drag  reductions  in  flight  tests. 

Development  Costs : Development  of  body  BLC  appears  to  be  lower  risk  and 

more  predictable  than  compliant  skin  developments  to  achieve  the  same 
payoff  - hence  projected  development  costs  are  the  S10M-S20M  range. 

Development  Time  Scales:  This  concept  could  be  developed  by  1990. 

Concept  Appl icabil i ty/Limi tations : Body  boundary  layer  control  will  have 

the  greatest  payoff  for  large  payload  cargo  airplanes  where  the  body  is  a 
significant  portion  of  the  parasite  drag. 

Technical  Payoff:  Body  boundary  layer  control  can  improve  aerodynamic 

efficiency  ML/D  by  4T. 
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1 .7  High  Aspect  Ratio,  Strut  Braced  Wings 


What  it  Does:  High  aspect  ratio,  braced  wings  offer  a means  for  increasing 

the  wing  span  over  that  of  an  equal  weight  cantilever  wing  providing  a 
direct  reduction  in  induced  drag. 

Development  Status:  The  ultimate  development  of  high  aspect  ratio  strut 
braced  wings  depends  primarily  on  the  ability  to  construct  a high-modulus 
composite  strut.  Detailed  structural  analysis  and  testing  of  strut  braced 
wings  applied  to  a large  subsonic  transport  on  cargo  aircraft  is  required. 
Aerodynamic  test/development  of  strut  interference  effects  at  transonic 
Mach  numbers  needs  to  be  determined. 

Development  Costs:  Analytical  and  test  developments  are  estimated  at  S2M. 

Development  Time  Scale:  Strut  braced  wing  aircraft  could  be  operational  by 

1985. 

Concept  Appl icabi 1 ity/Limi tations : Strut  braced  wings  will  be  most  applic- 

able to  large  cargo  designs  and  other  designs  where  fuel  is  the  primary 
figure  of  merit. 

Technical  Payoff:  Strut  braced  wings  offer  the  potential  of  a 12"  increase 

in  lift  to  drag  ratio. 
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1 .8  Wing  Tip  Fins/$p1it  Wing  Tips 

What  it  Does:  Wing  tip  fins  or  split  wing  tips  reduce  induced  drag  by 

altering  the  lift  distribution  and  modifying  the  trailing  edge  vortices. 
Increased  wing  lift  results  in  a more  efficient  lifting  surface;  that  is 
for  a given  total  lift,  a lower  angle  of  incidence  is  required  which  directly 
reduces  the  wing-induced  drag.  An  important  secondary  effect  is  the  reduc- 
tion of  wake  vorticity  intensity. 

Development  Status:  The  use  of  wing  tip  fins  to  reduce  drag  of  transport 

aircraft  has  received  considerable  renewed  interest.  A substantial  back- 
ground of  theoretical  and  more  recently  experimental  data  concerning  the 
aerodynamic  characteritics  of  tip  fins  has  been  generated.  Boeing  has 
recently  completed  a study  for  the  Air  Force  Flight  Dynamics  Laboratory 
that  included  detailed  structural  design  and  analyses  of  tip  fins  applied 
to  the  KC-135  and  the  C-141  military  aircraft.  A joint  USAF/NASA/Boeing 
design  flight  test  program  is  currently  being  planned  for  the  KC-135. 

Development  Costs : No  further  development  costs  are  anticipated  in  addition 

to  funding  already  committed. 

Development  Time  Scale:  Wing  tip  fin  designs  could  be  operational  by  1980. 

Concept/Appl icabil ity/Limitations : This  concept  would  be  most  beneficial 

for  span  limited  designs.  Greater  drag  reduction  could  be  achieved  by  a 
simple  span  extension  for  new  designs. 
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Technical  Payoff:  Wing  tip  fins  and  split  wing  tips  have  the  potential  to 

improve  aerodynamic  efficiency,  ML/D,  by  6 to  3"  for  a +1"  increase  in  OEW, 
when  considered  as  an  "add-on." 

1 .9  Advanced  Aerodynamic  Design  Methodology 

What  it  Does:  Advanced  aerodynamic  design  methodology  reduces  parasite 

drag  and  increases  cruise  Mach  number  through  the  sophisticated  integration 
and  tailoring  of  the  wing-body,  the  wing-nacelle-strut,  and  the  off-body- 

empennage.  For  example  proper  wing-body  contouring  can  lead  to  1 ) a reduc- 

f 

' tion  of  wing-body  interference  drag,  2)  a reduction  or  even  elimination  of 

, drag-producing  shock  wave  formation  on  the  upper  surface  of  the  inboard 

f wing  found  on  current  airplanes,  3)  an  improvement  in  L/D  and,  4)  capability 

to  cruise  at  near  sonic  speeds. 

I 

\ 

1 Development  Status:  Analytical  methods  along  with  a broad  data  base  are  ' 

r j 

' available  to  accomplish  advanced  aerodynamic  designs.  The  main  unresolved  i 

f I 

problem  is  the  relationship  between  manufacturing  cost  and  the  overall 
performance  benefit.  This  must  be  evaluated  on  each  configuration  concept 
individually. 

Development  Cost:  Mone.  The  tools  are  in  hand. 

Development  Time  Scales:  Methods  in  hand  can  be  applied  immediately  to 

1980-1985  IOC  designs. 
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Concept  Applicability:  These  concepts  will  be  most  useful  applied  to  the 

design  of  high  speed  (subsonic),  long  range  transport  aircraft. 

Technical  Payoff:  Advanced  aerodynamic  design  methods  can  reduce  airplane 

drag  by  upwards  from  3". 

2.0  Propulsion  Technology 

2.1  Pre-Cooler 

What  it  Does:  A turbofan  engine  can  utilize  a pre-cooler  to  lower  the 
temperature  of  the  compressor  discharge  air  (which  is  used  for  turbine 
cooling)  by  exchanging  heat  with  the  fan  discharge  air.  This  process  can 
reduce  the  amount  of  cooling  flow  required  to  maintain  a constant  turbine 
metal  temperature,  thereby  improving  cycle  efficiency  and  SFC. 

Development  Status : Presently,  there  are  no  existing  engines  which  make 

use  of  the  pre-cooler  cycle  due  to  the  heat  exchanger's  complexities  and 
the  increased  engine  weight.  All  engine  and  airframe  manufacturer  work 
dealing  with  this  type  of  engine  cycle  is  analytical  to  date. 

Development  Costs:  The  cost  of  developing  a lightweight  and  efficient  heat 

exchanger  integration  with  an  engine  and  developmental  costs  would  be  on 
the  order  of  $20M  for  1990  IOC. 


116 


1 


Concept  ApdI icabil ity/Limitations : When  advanced  technology  engine  cycles 

utilizing  improved  component  aerodynamics  and  advanced  hot  section  materials 
and  cooling  are  considered,  significant  gains  due  to  pre-cooling  are  not 
achieved.  This  is  due  to  the  fact  that  cooling  air  requirements  of  the 
advanced  engine  cycles  have  already  been  reduced  by  the  use  of  improved 
cooling  and  materials  technology. 


Technical  Payoff:  Compared  to  the  current  technology  engines,  SFC  improve- 

ments of  approximately  6%  can  be  achieved  by  the  use  of  pre-cooling  in 
conjunction  with  increased  overall  pressure  ratio.  However,  for  the  advanced 
technology  engine  cycles,  SFC  gains  due  to  pre-cooling  are  negligible  since 
cooling  flow  requirements  have  already  been  minimized. 


2.2  Turbofan  with  Regenerator 

What  it  Does:  The  regenerator  is  a heat  exchanger  which  uses  the  hot 
exhaust  gases  leaving  the  turbine  to  pre-heat  the  relatively  cool  air 
leaving  the  compressor  prior  to  its  entry  into  the  combustion  chamber.  For 
a given  combustor  exist  temperature,  the  required  heat  addition  from  combus- 
tion of  fuel  is  reduced,  with  a corresponding  SFC  improvement.  Offsetting 
this  improvement  is  the  additional  bulk,  weight  and  complexity  of  the 
regenerator,  and  the  corresponding  increase  in  maintenance  costs. 


Design  studies  have  shown  that  the  volume  and  weight  penalties  of  regenera- 
tive engines  are  minimized  by  the  use  of  a rotary-type  heat  exchanger,  and 
subsequent  studies  were  based  on  this. approach. 
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Development  Status : Other  than  adaptation  of  designs  of  automotive  gas 

turbine  and  some  analytical  work,  development  of  regenerator  systems  for 
advanced  airplane  propulsion  engines  has  been  minimal. 

Development  Costs:  Incorporation  of  this  concept  into  an  advanced  airplane 

engine  would  require  a major  development  effort  by  engine  and  airframe 
manufacturers.  Development  costs  would  be  in  the  $200  plus  million  range, 
spread  over  a 5 to  10  year  period. 

Concept  Appl icabil ity/limitations  : Analytical  studies  of  the  regenerative 

engine  have  shown  a potential  for  substantial  gains  in  SFC  over  the  conven- 
tional engine.  A heat  exchange  with  an  efficiency  of  60%  and  7-9%  pressure 
drop  is  the  break-even  point  for  SFC.  Any  lower  pressure  losses  or  higher 
exchanger  efficiencies  yields  substantial  SFC  gains  over  the  conventional 
engine. 

The  regenerative  engine  has  SFC  improvement  characteristics  which  are 
minimized  with  overall  pressure  ratios,  OPR,  in  the  range  5 to  10.  This 
range  is  substantially  lower  than  conventional  gas  turbine  cycles  which  can 
have  OPR  ranges  of  up  to  40.  The  incorporation  of  the  regenerator  also 
increases  the  installed  engine  weight  by  30  - 70%.  It  has  been  found  that 
the  higher  overall  pressure  ratios,  higher  allowable  metal  temperatures  and 
high  component  efficiencies  of  advanced  conventional  cycles  result  in  SFC 
benefits  comparable  to  the  best  advanced  technology  cycle  with  regeneration. 


Technology  Payoff:  Because  of  the  minimal  improvement  in  SFC  relative  to 


conventional  cycles  incorporating  advanced  technology,  the  substantial 

weight  increase  (30  to  70%)  of  the  regenerative  engines,  and  anticipated 

increase  in  maintenance  costs  no  overall  improvement  in  airplane  performance 
is  likely,  enough  to  warrant  development  fund  expenditure. 

2.3  Advanced  Component  Aerodynamics 

What  it  Does:  Through  improved  analytical  aerodynamic  and  mechanical 

design  techniques,  significant  improvements  in  SFC,  and  small  reductions  in 
engine  weight,  can  be  obtaineg  from  conventional  turbofan  configurations. 
These  improvements  result  from  increased  component  load  factors  and  efficien- 
cies, resulting  from  improved  blade  tip  and  intra-blade  row  analytical 
design  procedures,  and  the  use  of  composite  structure. 

Development  Status:  Turbofan  studies  show  that  fan  surge  margin  is  generally 

controlled  by  blade  tip  flow  phenomena  and  research  into  the  areas  of  tip 
clearance  control,  blade  alignment  with  the  end  wall  boundary  layer  and  tip 
treatment  techniques  could  significantly  improve  surge  margin  at  a given 
loading  level.  This  improvement  could  then  be  traded  to  achieve  high 
loading  levels  at  present  surge  margins.  It  is  conceivable  that  within  10 
years,  fan  duct  loading  coefficients  of  approximately  0.6  (20%  increase) 
could  be  achieved  without  a sacrifice  in  surge  margin.  Gains  in  fan  effi- 
ciency of  approximately  3%  at  high  wheel  speeds  should  be  attainable.  This 
efficiency  gain  can  be  obtained  through  use  of  intra-blade  rwo  analysis, 
elimination  of  part  span  shrouds  through  composite  structural  designs  and 
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through  tip  clearance  control.  With  the  intra-blade  row  analysis,  designers 
will  be  able  to  shape  the  blade  to  control  and  reduce  the  strength  of  the 
shocks  within  the  blade  passage.  Also,  if  part  span  shrouds  are  needed, 
the  blade  can  be  locally  shaped  to  better  account  for  the  effects  of  the 
shroud  and  thus  reduce  the  losses  associated  with  a shroud. 

Compressor  studies  show  that  tip  speeds  may  be  expected  to  increase  10" 

from  current  values  around  1200  ft/sec  to  approximately  1350  ft/sec  within 

the  next  ten  years.  This  expected  increase  in  tip  speed  will  improve  the 

loading  of  the  compressors.  Studies  show  that  efficiency  improvements  in 

compressors  will  be  more  difficult  to  achieve  than  in  fans  over  the  next 

ten  years  because  the  aerodynamics  of  compressors  are  predominately  subsonic 

and  reasonably  well  understood,  while  fans  have  large  shock  losses  which 

may  be  minimized  by  improved  analytical  design  techniques.  However,  there 

are  areas  of  development  which  should  increase  efficiency  by  1 to  2",  such 
as  proper  alignment  of  the  blades  with  the  endwall  boundary  layer  to  reduce 

losses  in  this  region,  improved  tip  clearances  and  seal  leakages  to  reduce 

overall  compressor  losses.  Similar  improvements  in  turbine  aerodynamic 

design  are  anticipated  within  this  time  period,  resulting  in  increased 

loading  coefficients  (20")  and  small  efficiency  improvements  (1"). 

Development  Costs  and  Time:  To  achieve  the  component  aerodynamic  improve- 

ments discussed  above,  a ten  year  development  program  of  analysis  and  test 
is  required.  The  continuation  of  currenly  funded  APSI/ATEGG  program  should 
cover  such  developments  as  is  augmented  by  FDL  supporting  programs. 
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Concept  Appi icabi 1 1 ty/Limitat1ons  : The  improved  component  technology 

resulting  from  such  a development  program  would  be  directly  applicable  to 
any  new  engine  system,  commercial  or  military. 
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Technical  Payoff:  Assessment  of  the  aerodynamic  and  mechanical  design 

improvements  discussed  above  shows  SFC  benefits  ranging  from  7 to  10%,  with 
small  reductions  in  engine  weight. 


2.4  Advanced  Materials,  Cooling  and  Combustor  Pattern  Factors 
What  it  Does:  Advancement  in  engine  hot  section  development  can  be  put 

into  perspective  for  the  1980's  by  considering  technology  trends  for  the 
following  area: 


1.  Turbine  blade  materials 

2.  Annular  combustors 

3.  First  stage  turbine  blade  cooling 


1 . Turbine  Blade  Materials 

A new  generation  of  materials  is  being  developed  to  satisfy  the 
demand  for  higher  turbine  efficiency.  Microstructurally  aligned 
eutectic  alloys  have  the  potential  to  be  useful  as  high  temperature 
structural  materials  since  they  are  stable  at  temperatures  within 
a few  degrees  of  their  melting  points. 


r 


f 
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2.  Annular  Combustors 

General  Electric  (GE)  and  Pratt  S Whitney  (PSWA)  show  a downward 
trend  in  the  pattern  factor  for  the  combustor.  This  improvement 
in  pattern  factor  will  permit  a decrease  in  turbine  cooling  air 
requirements,  while  improved  materials  will  allow  an  increase  in 
the  combustor  shell  temperatures. 

3.  First  Stage  Turbine  Blade  Cooling 

Assuming  that  the  usable  range  of  cooling  flow  per  stage  lays 
between  2 and  4%,  the  cooling  effectiveness  could  increase  by  an 
average  of  \S%  within  the  next  10  years  by  changing  cooling 
methods  from  film-impingement  convection  to  transpiration- 
impingement  convection. 

Development  Status:  Studies  of  the  technology  advances  in  the  engine  hot 

section  materials  and  cooling  indicate  a potential  combined  increase  of 
300°F  in  combustor  exit  temperatures.  The  directionally  solidified  eutectic 
alloys  are  expected  to  contribute  a 100°F  increase;  the  improvements  in 
combustor  pattern  factor  and  cooling  effectiveness  are  expected  to  yield 
the  remaining  200°F. 

Development  Costs:  If  the  existing  engine  cores  were  to  be  used  in  conjunction 

with  the  advanced  hot  sections  and  cooling  flow  paths  a cost  of  $10M  per 
year  would  be  required  for  a 1990  engine  certification  date. 


I 


122 


1 


Technical  Payoffs:  The  technology  advances  in  the  engine  hot  section 

materials  and  cooling  yield  their  greatest  SFC  benefit  in  engines  which 
utilize  overall  pressure  ratio  in  the  range  of  4081,  and  cruise  rotor  inlet 
temperatures  with  2500°R  range.  A 6-8%  SFC  improvement  can  be  attained 
with  little  weight  penalty.  This  performance  increase  is  largely  attribut- 
able to  a reduction  in  the  turbine  cooling  air  requirements. 

2.5  Electronic  Fuel  Controls  | 

What  It  Does:  Currently,  most  turbofan  and  turbojet  engines  incorporate  ! 

conventional  hydro-mechanical  control  systems,  with  a mechanical  link  j 

between  the  cockpit  and  engine  controller.  Electronic  fuel  control  systems  | 

provide  automatic  engine  protection  and  thrust  rating  control,  thereby  i 

preventing  inadvertent  overboost  driving  takeoff  and  climb,  and  minimize  i 

the  crew  workload.  Also,  the  electronic  system  permits  optimization  of  the 
engine  steady-state  and  transient  performance  with  a corresponding  benefit 
in  cruise  SFC  and  engine  response. 

I 

I 

Development  Status : Design  trade  studies  and  hardware  developments  of  ] 

electronic  fuel  control  systems  are  being  conducted  in  conjunction  with  the 
engine  manufacturers.  An  integrated  propulsion  control  system  has  been 
demonstrated  on  the  F-111  (IPCS)  and  is  being  developed  for  JTDE  for  demonstration 
(FADEC)  with  advanced  technology  components. 


Additional  work  is  required  to  establish  the  reliability  and  durability  of 
electronic  fuel  control  systems  in  service,  so  that  redundancy  requirements 
and  maintenance  costs  can  be  established. 


I 
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Development  Time  And  Costs:  Considerable  development  work  has  been  accom- 

plished and  the  technology  is  available  to  incorporate  electronic  fuel 
control  systems.  Such  systems  should  be  available  within  5 years  at  a 
development  costs  of  $5  million. 

Concept  Appl icabil ity/Limitations : Electronic  fuel  control  systems  are 

applicable  to  any  gas  turbine  engine  installation,  military  or  commercial, 
fixed  or  rotary  wing. 

Technical  Payoff.  More  sophisticated  scheduling  of  engine  fuel  flow  and 
variable  stators  and  reduction  or  elimination  of  engine  trim,  should  give 
an  SFC  improvement  of  1%.  Maintenance  costs  should  be  reduced  approximately 
2".  Other  potential  benefits  include  reduced  crew  workload  and  improved 
interfacing  with  automatic  flight  control  systems. 

2.6  Propulsion  System  & Airframe  Structural  Integration  Program  (PANSIP) 

What  It  Does:  Propulsion  system  structural  analysis  has  become  increasingly 

important  with  the  advent  of  the  high-bypass  engine  and  the  continued  quest 
for  improved  specific  fuel  consumption,  engine  maintainability,  and  reliability. 

As  propulsion  systems  become  larger,  the  engines  tend  to  become  more  flexible. 
The  loads  transferred  through  the  nacelle  and  engine  mount  distort  flexible 
engine  cases,  resulting  in  performance  degradation.  These  difficulties 
have  usually  been  repaired  after  engine  performance  deterioration  exceeds 
limit,  and  can  be  time-consuming  and  costly. 
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The  propulsion  system  and  airframe  structural  integration  program  (PANSIP) 
is  intended  to  achieve  total  propulsion  system  structural  integrity.  By 
appropriate  mathematical  modeling  of  the  propulsion  system,  strut  and  wing 
structure,  the  effect  of  static,  dynamic  and  thermal  load  environments  on 
engine  case  deflections  and  seal  and  blade  tip  clearances  can  be  predicted. 
The  frequency  and  severity  of  blade  tip  rubbing,  and  the  loss  of  engine 
performance  and  life  resulting  from  consequent  clearance  changes  can  be 
determined  during  the  design  stage  before  the  engine  mount  system  and 
structural  design  have  been  finalized. 


This  integrated  approach  to  the  engine/airframe  structural  design  offers 
potential  SFC  improvements  by  better  blade  tip  clearance  control,  and 
reduced  deterioration  and  maintenance  costs,  particularly  for  the  high 
cost  HPT  (high  pressure  turbine)  module. 

Development  Status:  Implementation  of  PANSIP  was  commenced  in  ID'^B  and 

specific  1976  objectives  are  to  1)  continue  the  propulsion  system  air  and 

gyroscopic  loads  study,  2)  continue  the  airframe  dynamics  loads  interaction  i 

i 

study,  and,  3)  expand  the  joint  structural  dynamics  programs  with  the 

engine  companies  to  encompass  the  effect  of  airplane  loads  on  TSFC  deterioration.  j 

i 

Since  the  propulsion  system  for  the  1990  IOC  cargo  airplane  will  probably 
be  a very  large  (>60,000  lbs  thrust)  high  bypass  (>7.5)  turbofan  or  turboprop,  ] 

PANSIP  is  expected  to  be  directly  applicable  to  the  engine/nacelle  structural  .] 

design.  i 
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Development  Costs  And  Time:  The  basic  technology  and  communication  lines 

for  PANSIP  have  been  established,  but  substantial  development  and  testing 
must  be  accomplished  before  accurate  definition  of  propulsion  system  loads 
and  deflections  can  be  achieved.  A five  year  program  is  required  with  a 
total  expenditure  on  the  order  of  S5M. 

Concept  Appl icability/Limitations:  PANSIP  is  a basic  approach  to  engine/ 

airframe  structural  integration  problems,  and  is  directly  applicable  to 
any  new  jet  or  propeller  powered  military  or  commercial  airplane  program. 

Technical  Payoff:  An  improvement  of  between  1 and  2%  in  SFC  and  maintenance 
costs  have  been  projected. 


2.7  Improved  Nacelle  Aerodynamics 

What  It  Does : Detailed  design  of  nacelle  installations  requires  accurate 

prediction  of  3-D  viscous  and  inviscid  flows  to  achieve  optimal  performance 
with  a minimum  of  testing.  Application  of  advanced  flow  field  prediction 
procedures  to  the  internal  and  external  flow  regimes  of  a new  engine/ 
nacelle  installation  allows  rapid  definition  of  the  inlet,  nacelle  and 
exhaust  geometry  that  minimizes  installed  SFC.  In  addition,  the  use  of 
3-D  viscous  flow  procedures  enables  the  complex  geometry  of  the  internal 
exhaust  mixer  to  be  optimized  through  parametric  geometry  variation:  the 
maximum  net  thrust,  and  minimum  weight,  manufacturing  cost,  and  complexity 
can  be  found.  This  procedure  would  minimize  the  expensive  parametric 
testing  currently  employed  in  mixer  and  exhaust  system  development. 
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Development  Status : Flow  field  prediction  procedures  are  available  to  j 

compute  3-0  viscous  flow  within  an  axisymmetric  duct.  A refined  version 
of  this  prediction  procedure  now  under  development  will  compute  the  flow 
through  a duct  of  abritrary  shape. 

Development  Costs  And  Time:  The  capability  required  is  essentially  in 

hand  and  no  further  funding  is  required  for  application  to  next  generation 
vehicles. 

Concept  Appl icabil ity/Limitations : Earlier  versions  of  the  3-0  viscous 

flow  analysis  have  been  and  are  being  applied  to  the  design  of  the  internal 
mixer/suppressor  nozzle  systems  for  the  727  A/P.  The  3-0  viscous  analysis 
can  be  coupled  to  a 3-0  potential  flow  analysis  and  applied  to  the  design 
of  powered  lift  nozzle  installations.  The  viscous  analysis  will  also  be 
applied  to  the  design  of  inlet  and  nozzle  duct  transitions  (e.g.,  2-0 
inlets  which  transition  to  round  at  the  compressor  face  and  "0"  nozzles 
for  upper  surface  blowing). 

Technical  Payoff:  For  the  1990  IOC  cargo  system  technical  payoff  in  terms 

of  performance  is  estimated  to  be  approximately  1-T  SFC  improvement. 

However,  use  of  the  analysis  for  design  should  eliminate  much  of  the 
prohibiti vely  expensive  parametric  testing  which  has  been  necessary  in  the 
past.  The  analysis  could  have  a large  impact  on  reducing  new  propulsion 
system  development  costs  and  reduce  the  technical  risk  associated  with  a 
new  design. 
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2.8  Advanced  Fans  and  Prop-Fans 


What  They  Do:  Improvement  of  the  propulsive  efficiency  of  fan  engines  is 

possible  by  the  use  of  1)  larger,  more  refined  turboprops,  2)  geared, 
variable  pitch  or  variable  camber,  high  bypass  ratio  shrouded  fans  (Q-fans), 
and,  3)  high  bypass  ratio  geared  prop-fans.  Each  of  these  concepts  provides 
the  advantage  of  low  specific  fuel  consumption  due  to  the  high  propulsive 
efficiency  that  results  from  low  slipstream  velocity  increase  through  the 
fan  or  prop.  Each  of  the  concepts  attempt  to  blend  the  high  takeoff 
thrust  of  the  propeller  with  the  high  subsonic  cruise  capabilities  of  the 
turbofan.  At  0.3  M.N.,  the  Q fan  and  propfan  operate  at  high  enough 
efficiency  to  be  of  interest,  while  the  turbo-prop  is  restricted  to  about 
0.65  M.N. 


The  propfan  typically  uses  eight  high  speed  blades  and  has  a bypass  ratio 
of  approximately  50.  The  shrouded  Q-fan  uses  bypass  ratios  from  10-20. 
Engines  with  BPR's  greater  than  8 usually  required  a gearbox  in  order  to 
provide  reasonable  fan  tip  speeds  while  still  maintaining  high  rotor  speed 
for  efficient  turbine  operation.  These  high  BPR,  low  pressure  ratio 
(1.45)  devices  have  blades  which  are  compatible  with  various  pitch  designs, 
providing  the  tip  speeds  are  restricted  to  approximately  1100  fps.  The 
actuating  mechanisms  require  hub/tip  ratios  ^ .44.  The  combination  of 
variable  pitch  and  variable  nozzle  area  minimizes  TSFC  over  a relatively 
large  portion  of  the  flight  envelope. 
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Development  Status:  Full-scale  Q-fans  have  been  ground  and  tunnel  tested 

with  promising  results.  The  current  Hamilton-Standard  Q-fan  tests  use  a 
62  inch  fan  and  design  pressure  ratio  limited  to  1.18.  Reverse  thrust 
levels  and  the  time  required  to  obtain  reverse  thrust  are  excellent. 

Hamilton-Standard  is  currently  testing  full-scale  prop-fans  under  NASA 
contract.  Hamilton-Standard  prop-fan  models  have  been  wind  tunnel  tested 
to  M = .8,  35,000'  with  a net  installed  propeller  efficiency  of  0.80  (as 
compared  to  0.62  for  turbofans). 

The  basic  thermodynamic  and  mechanical  design  programs  that  have  been 
developed  for  ..rbojets  and  turbofan  core  engines  apply  equally  to  the 

I 
i 

systems  under  consideration  and  only  require  adapting  specified  propeller 
characteristics.  The  latter,  including  propeller  and  gear  box  weights  for 
both  prop-fans  and  propellers  are  currently  furnished  by  Hamilton-Standard 
in  the  U.S.,  and  Dowty-Rotol  in  the  U.K.  Boeing  engine/airplane  programs 
allow  performance  trades  to  be  made  with  account  for  propeller  tip  speed, 
disc  loading,  propeller  diameter,  core  engine  pressure  ratio  and  turbine 
temperature.  The  primary  nozzle  pressure  ratio  can  be  varied  to  optimize 
the  thrust  split  between  the  propeller  and  core  engine. 

Computer  studies  which  integrate  the  engine,  airplane  and  mission  requirements 
for  turboprops,  Q-fan  and  prop-fans,  are  sufficiently  accurate  to  allow 
preliminary  selection  of  optimum  engine  cycles  and  propeller  or  fan  sizes. 
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Development  Costs:  Advanced  fans  and  prop-fans  will  require  a major 


development  program  involving  engine  and  airframe  manufacturers  and  government 
support.  It  is  expected  that  $5-10  million  would  be  required  per  year 
over  a ten  year  interval  to  realize  the  full  potential  of  prop-fans  in  the 
1990  time  period. 

Technical  Payoff:  There  is  evidence  that  the  cruise  efficiency  of  the 
prop-fan  is  higher  than  that  of  a conventional  turbofan  up  to  a cruise 
Mach  number  of  at  least  0.80.  The  cruise  efficiency  of  the  Q-fan  is  less 
than  that  of  a prop-fan  but  still  higher  than  the  turbofan  up  to  cruise 
Mach  number  of  .3.  Besides  TSFC  improvements  below  M = .8,  the  noise  of 
the  Q-fan  is  less  than  the  turbofan  due  to  relatively  low  tip  speed,  low 
pressure  ratio  and  fewer  blades.  An  appreciation  for  size  and  core  horsepower 
requirements  can  be  obtained  by  comparing  a conventional  turbofan  (BPR 
5:V  and  a large  Q-fan  (BPR  20:1).  For  example,  when  sized  to  produce 
equivalent  takeoff  thrust,  the  Q-fan  has  a 40"  larger  cross-sectional  area 
but  requires  a core  producing  only  1/2  the  power  required  for  the  turbofan. 

The  advantage  of  low  TSFC  is  counterbalanced  by  configuration  problems  due 
to  large  fan  size.  Other  concerns  are  blade  failure,  reliability,  maintenance, 
and  costs.  Though  these  concerns  are  real,  substantial  improvement  in  the 
proposed  systems  relative  to  the  earlier  turbo-props  should  be  recognized. 
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According  to  assessments  by  Hamilton-Standard,  the  potential  payoff  for 
using  prop-fans  rather  than  conventional  turbofans  on  a 1990,  M = .8  cargo 
plane  include,  1)  15-20%  lower  TSFC  at  cruise,  2)  25?^  reduction  in  TSFC  at 
slower  speeds,  3)  20%  better  climb  performance,  4)  15  PND  less  than  FAR  36 
allowed  levels  at  takeoff  powers,  5)  faster  thrust  response,  and,  6) 
simply  more  effective  reverse  thrust.  Negative  factors  include  increased 
engine  weight  (50%  uninstalled)  and  potentially  higher  maintenance  costs 
relative  to  a conventional  turbofan. 

3.0  STRUCTURES  TECHNOLOGY 

3.1  Technology  Item:  Active  Controls  Technology 

Augmented  Stability  and  Integrated  Controls  (maneuver  and  gust  load  control, 
fatigue  rate  reduction,  and  flutter  mode  control). 

What  It  Does:  Augmented  Stability  reduces  or  eliminates  the  need  for 

inherent  static  or  dynamic  stability  resulting  in  reduced  empennage  size 
and  more  favorable  airplane  balance.  :^aneuver  load  control  redistributes 
wing  lift  during  maneuvering  flight  in  a way  that  shifts  the  center  of 
lift  inboard  resulting  in  reduced  wing  root  bending  moments.  Gust  load 
control  reduces  airframe  peak  transient  loads  resulting  from  large  gusts. 

It  includes  both  rigid  and  flexible  airplane  response.  Fatigue  rate 
reduction  is  a technique  for  reducing  the  fatigue  rate  by  using  active 
controls  to  reduce  amplitude  and/or  number  of  transient  bending  cycles  due 
to  continuous  turbulence.  Flutter  mode  suppression  is  any  technique  for 
actively  damping  flutter  modes  using  aerodynamic  surfaces.  These  items 
improve  performance  and/or  reduce  structural  airframe  weight. 
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Development  Status  And  Projection : The  use  of  active  controls  has  been 


theoretically  analyzed.  All  have  been  mechanized  and  verified  by  flignt 
test  on  military  aircraft.  Fly  by  wire  (FEW)  systems,  a necessary  requirement 
for  advancing  active  controls  technology  has  recently  been  demonstrated  on 
the  F-16.  Necessary  elements  under  development  are  FBW  digital  FCS  with 
built-in  test  equioment  (BITE).  Yet  to  be  accomplished  are  integrated 
wing  controls,  development  of  an  integrated  interdisciplinary  analysis 
capability  and  the  development  of  system  identification  techniques  :o  a 
I routine  basis. 

Development  Costs.  The  total  research  cost  for  active  controls  technology 
is  estimated  at  33  million  broken  down  as  follows:  Integrated  interdisciplinary 
analysis  capability  at  34  million;  system  identification  at  31  million; 
digital  flight  control  system  design  philosophy  at  31  million  and  an 
Integrated  Controls  feasibility  design  study  at  32  million. 

Development  Time  Scale:  All  of  the  above  items  could  be  accomplished  by 
1985. 

. 

' 

Concept  Add! icability/Limitations : All  of  the  above  items  are  applicable 

but  must  be  applied  at  the  earliest  design  phase  in  the  configuration 

development  to  be  fully  effective.  Flutter  mode  control  is  a flight 

[ critical  item  that  is  only  effective  where  considerable  weight  is  required 

i 


Technical  Payoff:  The  magnitude  of  the  payoff  is  configuration  sensitive. 

Studies  and  development  programs  to  date  have  shown  the  following: 

Augmented  Stability  - -1.5'i  OEW  + improved  performance; 

Gust  Load  Control  - -1%  OEW  + ride  quality; 

Fatigue  Rate  Reduction  - -3"  wing  box  weight  + ride  quality; 

Maneuver  Load  Control  - -4"  wing  box  weight; 

Flutter  Mode  Control  - configuration  dependent. 

3.2  Technology  Item:  Materials 

Improved  Aluminum  alloys,  improved  steel  and  titanium  alloys,  composite 
primary  structure,  powder  metallurgy. 

What  It  Does:  Improved  alluminum  alloys  provide  higher  strengths  and 

higher  toughness  by  using  alloys  with  low  silicon  and  iron  content. 

Fatigue  life  and  stress  corrosion  resistance  at  the  higher  stress  levels 
is  maintained  at  current  levels.  Improved  steel  and  titanium  alloys 
provide  increased  resistance  to  stress  corrosion  and  higher  toughness, 
while  maintaining  current  strengths.  In  the  case  of  titanium,  lower 
oxygen  content  results  in  higher  toughness  in  thick  sections,  as  well  as 
more  formable  sheet  alloys.  Composite  primary  structure  provides  increases 
in  strength  and  stiffness  over  metallic  structure.  Power  metallurgy  (PM) 
aluminum  alloys  offer  increases  in  strength,  fatigue  life,  fracture  toughness, 
and  corrosion  protection. 
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Development  Status  and  Projection:  New  aluminum  alloy  development  began 

in  1975.  New  hign  temperature  titanium  alloys  are  being  developed. 
Composite  primary  structure  currently  exists  in  the  horizontal  stabilizer 
of  new  military  fighters.  A portion  of  the  Lockheed  L-1011  vertical  fin 
is  being  built  from  composites  for  airline  evaluation.  Widespread  usage 
of  composites  in  the  primary  structure  of  large  transports  will  require 
extensive  development  of  design,  analysis,  and  manufacturing  methods. 

Small  PM  aluminum  extrusions  have  been  produced  on  a pilot  plant  basis. 
Major  new  facilities  must  be  developed  for  full-scale  production. 

Development  Cost:  New  aluminum  alloy  development  will  cost  SI. 5 million. 

Composite  primary  structure  will  cost  $150  to  $300  million  to  develop. 
Powder  metallurgy  aluminum  alloys  will  get  $2  - $4  million  to  develop. 

New  facilities  will  be  required  at  two  aluminum  suppliers. 

Development  Time  Scale.  Production  status  of  high  purity  aluminum  alloys 
is  expected  in  1979.  Production  status  of  composite  primary  structure  for 
large  transports  is  not  expected  until  1990,  or  later.  Production  status 
of  power  metallurgy  could  be  attained  in  1990. 

Concept  Applicabil ity/Limitations:  Improved  aluminum  alloys  will  be  used 

in  thick  plate,  bar,  extrusion,  and  maybe  in  thin  sheet.  Hence  the  highly 
loaded  wing  box,  and  portions  of  the  body  will  use  these  alloys.  The 
pressure  critical  portion  of  the  body  may  not  use  these  alloys,  since  skin 
gages  are  thin  and  the  benefits  would  be  smaller.  New  titanium  alloys 
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win  be  used  in  engine  pylons,  and  large  structural  fittings,  wnere  they 
will  replace  steel.  Steel  alloys  are  being  developed  in  plate  and  forgings 
for  primary  structure  application.  Composite  primary  structure  can  be 
used  throughout  the  airframe,  either  as  thick  laminated  panels,  or  as 
honeycomb  panels.  Special  attention  to  lightning  strike,  moisture  penetration, 
electrical  continuity,  rain  erosion,  hail  strike,  and  electromagnetic 
pulse  from  atomic  weapons  is  required  for  composite  structure.  Powder 
metallurgy  will  first  be  used  in  aluminum  forgings  and  extrusions,  with 
plate  and  sheet  developed  last. 

Technical  Payoff:  Improved  aluminum  alloys  are  expected  to  result  in  a 5" 

reduction  in  the  weight  of  the  wing  box.  High  temperature  titanium  alloys 
will  reduce  the  weight  of  engine  support  fittings  by  40S.  Composite 
primary  structure  will  be  15;J  to  25%  lighter  than  current  aluminum 
structure.  PM  aluminum  structure  will  be  8%  to  10"  lighter  than  current 
aluminum  structure. 


3.3  Technology  Item:  Structural  Arrangement 

Metal -to-Metal  Bonding,  Aluminum  Honeycomb  Primary  Structure,  Advanced 
Skin-Stringer  Body  Structure,  Windshield  and  Cockpit  Design. 


What  It  Does:  Metal -to-metal  bonding  eliminates  the  weight  and  cost  of 
riveting,  and  results  in  a weight  saving  in  strength  critical  primary 
structure.  Aluminum  honeycomb  eliminates  panel  stiffeners,  and  allows  an 
increase  in  body  frame  spacing,  .hus  reducing  parts.  An  advanced  skin- 


I 


135 


stringer  body  structure,  using  zee  stringers  and  a special  extruded  frame, 
provides  weight  and  cost  reductions.  The  use  of  a circular,  or  double 
lobe,  cross  section  for  the  cockpit  allows  use  of  a single  curvature 
windshield,  that  carrys  cabin  pressure  in  hoop  tension,  resulting  in 
lighter  body  structure  and  lower  life  cycle  costs  for  the  airframe. 

Development  Status  And  Projection:  Extensive  use  of  metal -to-metal  bonding 

exists  at  Boeing  using  sheet  and  doublers,  but  no  structural  bonding  of 
stiffeners  has  been  developed.  Large  honeycomb  body  panels  have  been 
built  for  a test  section  of  the  747,  but  static,  fatigue,  and  corrosion 
tests  remain  to  be  completed.  No  development  tests  have  been  conducted  at 
Boeing  on  zee  stiffened  body  panels,  but  their  use  represents  the  application 
of  state  of  the  art  knowledge.  Curved  windshields,  carrying  internal 
pressure  load  in  hoop  tension,  are  in  use  on  several  military  aircraft. 
Problems  of  reliability,  manufacturing  fit-up,  and  cost  remain  to  be 
solved. 

Development  Costs:  It  is  estimated  that  the  development  of  adhesive 

bonding  for  stiffened  panels  will  cost  $1  - $3  million,  while  aluminum 
honeycomb  will  cost  $1  - $15  million  depending  on  test  component  size. 
Advanced  skin-stringer  body  structure  will  cost  $.5  million  to  conduct 
panel  compression  and  shear  strength  tests,  stringer  joint  fatigue  tests, 
sonic  tests,  and  frame  strength  tests.  The  development  of  high  reliability 
curved  windshields  will  cost  $.2  to  $1.5  million. 
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DeveToptnent  Time  Scale:  All  of  the  structural  arrangements  discussed  can 

be  developed  by  1980,  except  aluminum  honeycomb,  which  will  not  achieve 
production  status  until  1985. 


j 
J 

Concept  Applicability/Limitations:  Metal -to-metal  bonding  of  stiffeners  if 

possible  wherever  straight  line  elements  exist  in  the  wing,  body,  or  empen- 
nage, such  as  single  curvature  skin  panels.  Double  curvature  skin  panels 
require  more  expensive  tooling  and  result  in  a higher  risk  of  stringer 
delamination.  Aluminum  honeycomb  is  competitive,  weightwise,  in  any  primary 
structure  where  the  compression  load/inch  is  below  10000  Ibs/inch,  except 
in  very  lightly  loaded  body  structure,  where  cabin  pressure  loads  dominate, 
body  panels  stiffened  by  zee  stringers  may  not  be  adequate  in  high  sonic 
fatigue  areas,  where  hat  stringers  provide  longer  life.  Curved  windshields 
will  be  applicable  to  all  future  transports,  particularly  those  that  are 
pressurized. 

Technical  Payoff:  A weight  reduction  on  strength  critical  structure  is 

expected  from  metal  to  metal  bonding,  while  a weight  and  cost  saving  is 
expected  from  aluminum  honeycomb  depending  on  the  component.  The  advanced 
skin-stringer  body  will  result  in  a T’J  reduction  in  body  weight  using 
riveted  construction,  and  a 12"  reduction  using  bonding.  Hoop  tension 
windshields  result  in  lighter  window  framing  and  lighter  body  structure. 
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3.4  Technology  Items:  Low  Noise  Transmission  Design  of  Body  Structures 

What  it  Does:  The  body  structure  is  designed  to  minimize  the  transmission 

of  external  noise  from  the  engine  and  boundary  layer.  This  is  done  by 
tuning  the  structural  frequencies  of  skin  panels,  stringer,  and  frames. 

The  tuning  is  accomplished  by  adjusting  the  thickness  of  the  skin  and  the 
spacing  and  stiffness  of  the  stringers  and  frames. 

’ Development  Status  and  Projection:  The  concept  of  intrinsic  structural 

tuning  has  been  under  development  at  Boeing  for  the  past  three  years. 

Small  structural  components  have  been  tested  in  the  laboratory,  while  skin 
panels  have  been  field  tested.  Flight  testing  of  damping  treatments  on  a 
747  will  be  completed  this  year.  Future  development  will  determine  to  what 
' extent  this  concept  is  practical  on  strength  designed  body  structure. 

Development  Cost:  Current  development  is  directed  toward  skin-stringer- 

frame  body  structure.  If  this  results  in  significant  changes  to  the  estab- 
lished geometry  of  hat  stiffened  panels,  the  development  cost  could  be  SI 
million.  If  changes  are  small,  the  analysis  and  test  cost  will  be  about 
$.5  million. 

I 

Development  Time  Scale:  Production  design  of  low  noise  transmission  skin- 

stringer  structure  is  expected  by  1985,  while  honeycomb  panel  and  composite 
panel  design  would  not  occur  until  19S0  - 1995. 
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Concept  Appi icabil ity/Limltations:  The  current  design  effort  aoplys  to 

skin-stringer  body  panels.  Since  skin  gage  is  picked  by  shear  or  cabin 
pressure  requirements,  and  stringer  gage  by  tension  or  compression  load, 
there  may  be  a range  of  skin  and  stringer  gages  in  which  tuning  is  not 
possible. 


Technical  Payoff:  Structural  tuning  is  expected  to  reduce  internal  noise 
levels  by  3 to  6 db.  This  results  in  the  elimination  of  lead  septum,  with 
a cost  and  weight  reduction. 

3.5  Technology  Item:  Analysis  and  Design  Methods 


(1)  Stability  Analysis  of  Columns,  Plates,  and  Shells;  (2)  Optimization 
Methods  for  Wing  Boxes  and  Stiffened  Cylinders;  (3)  Damage  Tolerance 
Analysis  and  Design  of  Wing  Boxes  and  Pressure  Cabins;  (4)  Pressure  Cabin 
Stress  Analysis  Methods;  (5)  Improved  Finite  Element  Analysis  Methods; 

(6)  Sonic  Fatigue  of  Flat  and  Curved  Panels. 


What  it  Does:  Stability  analysis  provides  new  data  for  the  design  of  wing 

and  body  skin  panels  and  body  frames.  Optimization  methods  provide  design 
data  allowing  increases  in  spacing  of  wing  ribs  and  body  frames.  Damage 
Tolerance  Analysis  provides  data  for  body  pressure  loading,  while  pressure 
cabin  stress  analysis  provides  detail  definition  of  skin  stress  distribution. 
Improved  finite  element  analysis  is  aimed  at  better  prediction  of  element 
stresses  at  ultimate  load.  New  sonic  fatigue  analysis  methods  consider  the 
effects  of  spectrum  shape,  curvature,  hoop  tension,  and  temperature. 
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Development  Status  and  Projection:  In  each  of  these  areas  there  has  been 

various  amounts  of  development.  New  development  will  build  on  previous 
work  in  most  areas.  However,  no  analysis  methods  are  available  for  the 
shear  buckling  of  double  curvature  panels,  while  pressure  cabin  analysis 
methods  give  contradictory  results. 

Development  Cost:  Cost  for  all  work  varies  between  SI  and  S3  million. 

Development  Time  Scale:  Development  time  varies  from  4 years  for  sonic 

fatigue  analysis  to  10  years  for  optimization  methods,  with  all  design  data 
available  by  1985. 

Concept  Appl icabil ity/Limitations;  Wing  and  body  primary  structure  are 
affected,  with  primary  emphasis  in  the  body. 

Technical  Payoff:  It  is  anticipated  that  stability  analysis  would  provide 

a 4%  reduction  in  wing  and  body  weight  in  areas  where  skin  buckling  is 
critical.  Optimization  methods  allow  a cost  reduction  through  wider  rib 
and  frame  spacing,  and  hence  fewer  parts.  Damage  tolerance  analysis  and 
pressure  cabin  analysis  may  result  in  a 10"  reduction  in  body  skin  gage  in 
pressure  critical  areas.  Improved  finite  element  analysis  will  result  in  a 
1%  reduction  of  primary  structure  weight.  Improved  sonic  fatigue  analysis 
will  result  in  both  cost  and  weight  reductions  in  sonic  critical  areas. 
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3 . 6 Technology  Item: 


i 

j 


Manufacturing 


What  it  Does:  Improved  fabrication  processes  such  as  N.C.  roll  forming  of 

aluminum  stringers  and  frames,  pultruding  of  composite  shapes,  and  super- 
plastic forming  of  titanium  provide  lower  cost  details.  Improved  assembly 
techniques  such  as  N.C.  spar  drilling  and  fastening,  advanced  faying  surface 
seal  methods,  and  single  impact  rivet  installation,  provide  lower  cost  and 
improved  quality  assemblies.  Computer  aided  manufacturing  (CAM)  such  as 
in-line  planning  and  computer  controlled  sheet  metal  fabrication  centers 
provide  better  parts  control,  reduced  inventory  cost,  and  lower  manufacturing 
cost. 


Development  Status  and  Projection:  N.C.  roll  forming  is  currently  being 

used  to  form  727  a/p  stringers.  Feasibility  of  pultruding  composite  shapes 
and  superplastic  forming  of  titanium  have  been  proven.  Improved  assembly 
techniques  such  as  N.C.  spar  drilling,  advanced  faying  surface  sealing  and 

r - 

single  impact  riveting  are  currently  being  developed  for  Boeing  Commercial 
Airplane  Computer  Aided  Manufacturing  (CAM).  Development  efforts  are 
underway  by  the  Air  Force  Material  Laboratory  and  all  aircraft  manufacturers. 

Development  Cost:  Development  pultruded  composite  shapes  and  superplastic 

forming  of  titanium  will  range  up  to  $1  million  each.  N.C.  spar  drilling 
and  fastening  development  costs  will  be  approximately  $.5  million;  advanced 
faying  surface  sealing  techniques  less  than  $.5  million.  A CAM  generated 
N.C.  sheet  metal  center  will  cost  up  to  $6  million. 
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Development  Time  Scale:  Improved  fabrication  processes  and  assembly  tech-  ! 

niques  are  under  continuous  development.  Advanced  faying  surface  sealing  | 

and  pultruded  composites  will  be  available  in  1978;  superplastic  forming  of  i 

titanium  and  N.C.  spar  drilling  and  fastening  will  be  available  in  1979;  a . 

complete  N.C.  sheetmetal  center  is  expected  by  1982.  | 

i 

Concept  Applicability/Limitations:  Applicable  to  all  airplane  components. 

Technical  Payoff:  Reduced  cost  and  improved  quality.  ' 

4.0  MECHANICAL/ELECTRICAL  SYSTEMS  TECHNOLOGY  I 

4.1  Secondary  Power  and  Control  System  Mechanization 

Significant  advanced  technology  concepts  which  have  potential  payoffs  are:  j 

I 

I 

0 L0X-JP4  API)  emergency  power  generation  systems 

0 Advanced/Integrated  Actuators,  IPA 

0 Actuation  Control  Sequal  Transducers  (Digital,  Fiber  Optics) 

0 Lightweight,  High  pressure  Hydraulic  Systems  (LHS)  3000  psi 

0 Permanent  Magnet  VSCF  Starter/Generator 

What  it  Does:  Increased  dependency  of  advanced  design  aircraft  upon  fluid 

and  electrical  power  systems  to  actuate  flight  control  surfaces  and  critical 
mission  equipment  requires  increased  availability  and  continuity  of  power 
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from  these  systems  at  reduced  installation  penalty  to  the  aircraft.  The 
L0X-JP4  API),  LHS,  and  the  integrated  actuator  systems  show  potential  to 
satisfy  these  requirements  through  weight  and  space  reductions  and  improveo 
availability  of  power. 

The  permanent  magnet,  PM,  VSCF  Starter/Generator  combines  the  improved 
efficiency  of  PM  concept  for  each  function  into  one  unit  for  generation  of 
electrical  power  and  for  engine  starting. 

Development  Status:  L0X-0P4  emergency  APU,  lightweight  hydraulic  systems 

and  integrated  actuator  packaged  systems  are  in  various  stages  of  development 
under  government  funded  programs.  In  addition,  these  concepts  are  receiving 
limited  evaluation  under  Boeing  IR&D  program  support.  Increased  interest 
and  potential  support  is  in  evidence  for  these  concept  developments  from 
the  research  laboratories  of  both  the  Navy  and  Air  Force.  These  are  low  to 
medium  risk  development  concepts. 

The  design  of  the  permanent  magnet  rotor  has  been  successfully  completed  by 
G.E.  under  Air  Force  contract.  Design  and  test  of  the  generator,  is  in 
progress.  The  complete  system,  including  the  VSCF  converter,  should  be  in 
test  by  next  year. 

Developmental  Costs:  Estimated  costs  to  extend  these  concepts  to  a meaningful 

stage  of  development  are: 


143 


I 


0 

L0X-JP4  emegency  system 

S500  to  SI 

X 10 

r 

0 

Advanced/ Integrated  Actuators 

SI,  to  S2, 

X lO' 

•t 

0 

Digital  Flight  Computers  & 
Electric  Signalling 

$5,  to  SIO 

X 10' 

0 

Lightweight  Hydraulic  System 
(8000  psi) 

$2  X 10^ 

0 

VSCF,  PM  Generator/Engine  Starter 

S3  X 10® 

Development  Time  Scale:  To  continue  concept  development  to  an  acceptable 

level  of  confidence  it  is  estimated  to  be: 


1 

0 

L0X-JP4  Emergency  System 

2-3  years 

0 

Advanced/Integrated  Actuators 

2-3  years 

0 

Digital  Flight  Computer  & 

Elect.  Signal. 

5-7  years 

1 

0 

Lightweight  Hydraulic  Systems 

2-3  years 

0 

VSCF,  PM  Generator/Engine  Starter 

2-3  years 

I 


Concept  Apol icabil ity/Limitations : The  emergency  APU,  lightweight  hyoraulic 

and  integrated  actuator  package  system  are  applicable  to  the  advanced 
I military  transport,  particularly  the  LHS  and  lAP  concepts.  Integrated 

actuators  become  more  useful  in  direct  preparation  to  airplane  size.  Below 
J 50,000  pound  gross  weight,  there  is  little  to  be  gained  while  large  trans- 

ports, the  weight  saving  is  substantial. 

i 

i 


I 


I 
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Practically  all  aircraft  using  medium-sized  jet  engines  would  benefit  from 
use  of  the  starter/generator  concept.  Further  development  would  extend  the 
usage  to  larger  and/or  smaller  engines  than  the  present  F-100. 


Technical  Payoff:  Improvement  in  generator  efficiency  should  be  around  5% 

to  10",  which  reduces  horsepower  extraction  from  the  engine  and  thus  improves 
performance.  Total  weight  reduction  should  be  around  20  to  30  lbs. 

The  incorporation  of  the  advanced  integration  actuator  package  would  save 
an  estimated  700  to  1500  lbs.  Additional  weight  savings  of  50  to  100  lbs 
for  the  L0X-JP4  emergency  systems  and  30%  of  the  total  hydraulic  system 
weight  by  use  of  lightweight  (8000  psi)  hydraulic  systems  are  possible  to 
the  aircraft  O.W.E. 

4.2  ECS  - Avionics  Cooling  - Advanced  Cooling  Cycles 

What  it  Does:  Current  technology  transport  obtain  ventilation,  pressuriza- 

tion and  avionic  cooling  flow  from  engine  compressor  bleed  air  with  associ- 
ated airplane  performance  penalties.  Mew  concepts  which  extract  less 
engine  bleed  air  and  provide  recirculation  flow  for  ventilation  and  cooling 
can  significantly  reduce  operating  penalties.  One  possible  new  concept 
uses  bleed  air  for  pressurization  only  coupled  with  a ram  air  turbine  to 
provide  more  effective  cooling  per  pound  of  ram  air  with  associated  lower 
drag. 
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Development  Status:  Air  cycle  machines  are  not  under  development.  However, 


the  concept  does  not  require  new  turbo-machinery  technology  developments 
since  dual  nozzle  turbines  are  in  production. 

Development  Cost:  A de  elopment  program  to  obtain  a test  machine  and  conduc 

verification  tests  is  estimated  to  cost  $500,000  to  $1,000,000. 

Development  Time  Scale:  Hardware  design,  manufacture  and  test  program 

would  require  12  to  18  months. 

Concept  Apol icabil ity/Limitat 'ons : Concept  is  applicable  to  all  airplanes 

both  subsonic  and  supersonic. 

I 

Technical  Payoff:  Technical  payoff  would  result  from  reduced  engine  bleed 

air  and  ram  air  requirements  with  associated  improvements  in  cruise  SFC.  A 
3"  to  4"  improvement  in  airplane  SFC  may  be  obtainable. 

4.3  Landing  Gear  System 

Significant  concepts  which  could  provide  technical  payoff  are: 

0 Limited  slip  - closed  loop  anti-skid  system 
0 Air  cushion  landing  system  (ACLS) 

0 Advanced  carbon  brakes 


What  it  Does:  Limited  slip-closed  loop  anti-skid  control  system  provides 


more  effective  braking  with  associated  shorter  field  lengths  and  less  tire 
wear  than  current  technology  anti -skid  systems.  This  is  accomplished  in 
the  control  system  by  limiting  the  wheel  slip  {%)  to  values  which  result  in 
operating  on  the  forward  side  of  the  brake  force  curve  with  associated 
lower  tire  wear  and  increased  side  force  relative  to  current  anti-skid 
systems  which  operated  on  the  back  side  of  the  brake  force  curve. 

Air  cushion  landing  systems  are  currently  under  development  for  small  low 
speed  aircraft  which  can  operate  from  rough  fields.  Potential  payoff  could 
be  lower  weight,  lower  airfield  construction  cost  and  less  maintenance 
cost. 

Advanced  carbon  brakes  offer  significant  weight  reduction  with  equivalent 
braking  performance  as  present  systems. 

Development  Status:  Limited  slip-closed  loop  control  systems  are  being 

evaluated  by  Boeing  on  a bread  board  brake  control  analog-hardware  simulator. 
Development  time  for  full  scale  hardware  would  be  approximately  3 years. 

Air  cushion  landing  systems  are  under  development  on  the  Jindivik  RPV  and 
the  Buffalo  with  flying  hardware.  Unresolved  development  problems  in  ACLS 
include: 
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0 Runway  directional  control 


0 Airplane  drag  evaluation 

0 Air  trunk  flutter 

0 Inflation  - retraction 

0 Material  wear 

Air  cushion  landing  systems  at  present  represent  very  high  risk  to  obtain 
significant  gains. 

Carbon  brakes  are  presently  in  use  on  several  high  performance  USAF  aircraft 
(e.g.,  F-15,  B-1),  and  have  encountered  some  operational  problems,  e.g., 
oxidation,  moisture  absorption,  wear.  These  problems  impact  brake  perform- 
ance and  life  cycle  costs.  USAF  is  actively  pursuing  programs  to  resolve 
these  problems.  Advanced  carbon  materials  available  today  appear  to  solve 
most  of  these  crucial  problems. 

Development  Costs: 

Limited  slip  brake  system 
Air  cushion  land  system 
Carbon  brakes 


$500,000 
$ 4 + million 
$2-3  million 
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Development  Time  Scale: 


Limited  slip  brake  system  3 years 

Air  cushion  land  system  5 years 

Carbon  brakes  5 years 

Concept  Appl icabil ity/Limitations : Limited  slip  control  concept  is  applic- 

able to  all  USAF  aircraft  and  commercial  aircraft. 

Air  cushion  landing  systems  have  been  applied  only  to  small  aircraft  with 
unique  landing  requirements  (water,  rough  fields). 

Carbon  brakes  are  also  applicable  to  all  aircraft. 

Technical  Payoff:  Limited  slip-anti-skid  brakes  have  a potential  reduction 

in  field  length  of  10"  - 25"  (for  wet  and/or  icy  runways)  relative  to 
current  technology  and  approximately  30"  reduction  in  tire  and  brake  mainte- 
nance cost  due  to  less  wear. 

Since  air  cushion  landing  systems  have  not  been  applied  to  large  transports 
it  is  difficult  to  quantify  technical  payoffs. 

Advanced  carbon  brakes  are  significantly  lighter  than  current  brakes  (33") 
which  would  result  in  a weight  decrement  of  approximately  2000  lbs.  for  a 
large  military  transport. 
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Airfoil  Ltper  Surface 

■ -T  CDnrMrri 

Aralyticjl 
A.idfticnal  mart 
For  3-0 

Leading  To  Fgl) 

For  1990 
IOC 

ICI  Increase 
In  M L/0  If 
M > 0.3  Crjlse 
Regul red 

Natural  Laminar 
Flow 

Delays  Transition 
To  Turbulent  By 
Moving  Min.  Pressure 
Pt.  AFT  On  Airfoil 

Analytical  Worn 
In  Infancy.  BL 
Stability  Analyses 
And  Fit.  Test  '*er1f. 
Peo 'd 

$91 

for  1990 
IOC 

7!  Increase 

In  M L/D  <or 
MS. < 0.75 
Cruise  Designs 

Coffipl1<nt  Skin 

Reduces  Turbulent 
Skin  Friction  Drag 
By  Accomodating 
Pressure  Fluctuations 
In  The  BL 

Theo.  A Test  Work 
Needed  to  Lhderstind 
Current  Status 
Inconclusive. 

$10-$100M 

For 

1990-95 

IOC 

AT  M L/D 
Improvement 
If  applied  To 
fuselage  Only 

Body  Boundary 
Layer  Control 

Reduces  Turbulent 
Skin  Friction  Drag 
By  Low  Energy 
Air  Injection 

Has  Seen  Oenonstrated 
Experimentally.  Needs 
More  Analytical  t Test 
Work.  For  Lhderstand  — 
Ing  t Invest  .Of  MFG 
and  Operational 
Considerations 

$io-s:oM 

For 

1990-95 

IOC 

41  M L/0 
levrovement 
If  Applied  To 
Fuselage  Only 

High  AS  External 
Braced  Wings 

Reouceo  Induced 
Drag  Through  Increased 
Span  While  Maintaining 
Structural  Efficiency 

Detailed  Struct, 
ano  Aenj  Analyses 
Kegui red.  Tech 
Mot  Mew  But 
Application  Site 
and  Mach  Is 

$2  M 
For 

1985  IOC 

12S  Increase 
In  ML/0 

Wing  Tip  Fins 

Reduced  Induced 
Drag  Through  Altered 
Lift  Distribution 

Extensive  Analytical 
and  W-T  Dev.  Work 
Complete.  Flight 
Test  Needed  (Planned 
For  rc  135) 

Mone  (In 
Add'n  To  That 
For  1930 
IOC  ) 

6-81  Increase 
In  M L/D  For 
IS  OEW  Penalty 

Adv.  Aero.  Design 
Methods 

Reduces  Parasite 
Drag  Through  Proper 
Integration  and 
TalTorlng  Of  Aero. 
Surfaces 

Analytical  Methods 
Available. 

-None- 
fbr  1980 
IOC 

Upwards  Frote 
3S  In  L/0 
Increase 
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''  TABLE  2.  PROPULSION  ADVANCED  TECHNOLOGY  CONCEPTS 


TECHNOIOGT 

CONCEPT 

WHAT  IT  DOES 

OeVELOPMENT 

STATUS 

0EVEL0P"ENT 
COST  A TIME 

PArCFF  FG'E'iT'.AL  I 

Turbine  Cooling 
Air  Pre-Coolers 

Uses  Fan  Air  To 
Pre-Cool  Engine 
Bleed  For  Turbine 
Rotor  Cooling. 

Studies  Show 
Significant  Gain  For 
Current  Engines; 
Smaller  Gains  Pgr 
Advanced  Technology 
Engines. 

J20  M 
For  1985 
IOC 

For  Current  Engi-es. 

61  SFC  Gain.  For  i 

Advanceo  Eroi-es.  j 

Negligible  SFC  Gain.  | 

! 

Regeneration 

Utilizes  Roury  Heat 
Exchanger  To  Transfer 
Heat  From  Exnaust  To 
Compressor  Olscnarge 
Air.  Improves  SFC  At 
Expense  of  Weight 
A Cost. 

Studies  Show 
Significant  SFC 
Gain  For  Current 
Engines;  For  Advanced 
Technology  Engines, 
Gains  Are  Minimal , 

And  Do  Not  Justify 
Large  Weight  Increase. 

Develooment 
Of  A' Regener- 
ative Engine 
Will  Be  An 
Undertaxing 
Of  Major 
.Magni  tude, 
S200  M ♦ 

For  1990  IOC 

i 

For  Curre-t  Engines,  1 
5 To  i:i  SFC  ' ; 

I.-crovement  •1th  i 

30  To  701  Enoi-e  ! 

■eignt  Increase.  i 

For  Ad*anc»o  | 

Engines,  Scgl Igibie 
I.morovement. 

Adtanced  Corronent 
Aerodynamics 

Comoonent  Aerooynamlc 
Development  Ana 
Improved  Hechantcal 
Design  Techniques 
Offer  Signi  ficant 
SFC  And  Weight 
Improvements 

Studies  Show  That  Fan 
Loadings  And 
Efficiencies  Will 
Increase  By  201  A 21 
Resoectively;  Com- 
pressor Tip  Soeeds 
A Efficiencies  By 
10?  A 1 To  2?; 

Turbine  Loading  A 
Efficiencies  By 
20?  A i; 

Major  Develop- 
ment Program 
And  Expend  - 
Iture  Required. 
$1C0  M For 
1990  IK. 

7 to  IC:  SFC  Gain  | 

W(  th  Smjl  1 •el— ,t  1 

“fOuction.  1 

Reouceo  Eng'ne  Cost  ' 
Seduced  Maintenance  i 
Costs.  1 

Advanced  Materials, 
Cooling  Effectiveness 
A Combustor 
Pattern  Factors. 

Use  of  Directionally 
Solidified  Eutectic 
Alloys,  Better  Cooling 
A Iroroved  Pattern 
Factors  Reduce  Turbine 
Cooling  Air  Roots. 

Studies  Show  A 
Potential  Increase 
of  2CJ'F  Over  Current 
Combustor  Exit 
Temperatures 

Oevelotxnent 
Program  Reqd. 
ISO  M For 
1990  IOC. 

6-31  SFC  Gain  C^er 
Current  E-ti-es 
With  Little  .eight 
Penally. 

Electronic  Control 
System, 

Replaces  Current 
Mechanical  Cable  A 
Hydro-Mechanical 
Engine  Control  System. 

Studies  Show  Potential 
Gains  In  Svstem 
Weight,  SFC,  Engine 
Response  i Hot  Section 
Life.  Full-Scale  JT80 
Engine  Tests  W1  th 
Electronic  Control 
Successfully  Comol. 

Technology 
Aval lable — 
System  Could 
ce  Avallaple 
Within  4 Trs. 
JEM  ♦ For 
1985  IOC 

1 To  21  SF;  Gain  | 
with  Significant  1 
Reduction  In  1 
Maintenance  Cests. 

Engine  A Nacelle 
Structural 

Integration  (PA.NS1P) 

Improves  Engine 
Durability  and 
Performance  By 
Properly  Accounting 
For  Airframe  Induced 
Loads,  A Mlnimloes 
Installed  Weight. 

Joint  Soeing/GE/PVA 
Study  Initiated  197A 
Shows  That  SFC 
Deterioration 
And  “alntenance  Costs 
Can  Be  Minimized  By 
Better  Cefinitlon 
Of  Loads. 

Basic  Tech- 
nology Is 
Aval  1 able— 
Addi tlonal 
Testing  A 
Development 
Seo'd.  For 
Application 
To  New  System; 
JIO  M For 
1985  IOC. 

1 To  21  I*prove~ent 
In  SFC,  Maintenance 

Costs. 

V TABLE  2.  PROPULSION  ADVANCED  TECHNOLOGY  CONCEPTS  (CONT'D) 


TECHNOLOGY 

CONCEPT 

WHAT  IT  DOES 

DEVELOPHEKT 

STATUS 

DEYELOPNENT 
COSTS  4 TI.HE 

TEC.HNICAL 

payoff  potential 

Improved  Hecelle 
Aerodynamics. 

Cotinices  Throst- 
Mlnus-Crag  Of  Nacelle 
Installation  By 
Aerodynamic  Tailoring 
Of  Internal  1 External 
Nacelle  Lines. 

Additional  Development 
Of  Existing  30  4 
Boundary  Layer 
Programs  Peouired  To 
Provide  Necessary 
Design  Tools. 

Minimal  i 
For  1585 
IOC. 

IS  Reduction  In 
Instal  led  SFC.  P’  us 
Reduced  Oeveloprent 
Costs. 

Advanced  Fans 
t Prop-Fans. 

Utl 1 Ites  Very  Htgn 
By-Pass  Patio 
(10  To  50) , Low  Press. 
Ratio  (1.05  - 1.4) 
Turoo-Fans  To 
Achieve  Mich  Pro  — 
Pulslve  Efficiency 
f.e.  Low  TSFC. 

0 

Studies  %rcw  Signif- 
icant Reduction  In 
SFC.  Kajor  Teen. 
Concerns  Exist,  i.e. 
Safety  (Blade 
Failure),  i'ainten. 
Cost.  ReliiOillty. 
And  Fan  Efficiency  At 
Cruise  Speeds  Apove 
»^O.7S-0.S0. 

JICO  to  200  *1 
For  1990  IOC. 

L'o  To  251  Reduction 
In  SFC  At  Expense  Of  1 
Increase  In  Engine  j 
Wt.  (Uninstalled)  4 
Increased  Kilnt. 

Costs  4 Red.ced 
Cruise  Speeds 

TABLE  3.  STRUCTURES  ADVANCED  TECHNOLOGY  CONCEPTS 


TECHNOLOGY 

CONCEPT 

4CTIVE  CCNTPCLS 
Augmented  SUbilUy 

Gust  Loid  Control 
Maneuver  Load  Control 
Fatigue  Rate  Reduction 
Flutter  Mode  Control 

MATERIALS 

Iceiroved  Alunlman 
Alloys 

Cast  Primary  Structure 

Improved  Steel  t 
Titanlim  Alloys 

Composite  Primary 
Structure 

A1  uni  nun  Powder 
Metal  1 urgy 

MANijFACTL'p'm 

Improved  Fabrication 
Processes 

Improved  Assembly 
Techniques 

Computer  Aided 
Manufacturing 

j 

Improved  Inspection 
1 Methods 


WHAT  IT  Does 


Reduced  Size  Of 
Empennage  A Wing 

Reduced  Wing  Bending 
Moments 


Reduced  Wing  Bending 
Moments 

Reduction  In  Wing 
Bending  In  Turoulence 

Elimination  Of 
Stiffness  Critical 
Structure 


OeVELCPVEHT 

STAT'JS 


Has  Been  FI ight  Tested 
On  F-I5 


Theoretical  Analysis 
Complete  - Expen 
mental  Flight  Tests 
On  Hill tary  Aircraft 


I 


CEVELCFMEHT  TECHNICAL 

COST  i ::.H£  PAYOFF  potential 


-i.s:  XV  'I  j 

l 

These  1 

-It  orw  No:  ■ 

SB  Million  Ue  ! 

Additive 

1985  Produc-  -At  Wing  Box 
tion  Status 

-3t  Wing  Box 


Configuration 

Dependent 


Increases  In  Strength, 
Fatigue  Life, 

And  Toughness 

Reduced  Cost 


Increases  In  Stress 
Corrosion  Resistance 
Of  230  KSl  Steel 


In  Work  1975-1979 


In  Wort  1976-1979 


High  Terperature 
Tltanlun  Alloys 
In  Cevelopment 


$1.5  Million 
1979  Produc- 
tion Status 


$80  H 1985 


St  Weight  Ped'jcticn  i 
In  Strength  Cri  tical  j 

Areas  i 


$2.5  Minion  3Ct  Cost  Reduction 


ACt  Weight  Reduttlon 
In  High  Terp.  F tcs. 


Increases  In  Strength 
And  Sti  ffness 

Increase  In  Strength, 
Toughness,  Fatigue 
Life  Of  Plate,  Ole 
Forgings  and 
extrusions 


Reduced  As$er*ly  Cost 
And  Imoroved  Quality 


Imoroved  Parts 
Control , Reduced 
Inventory  Cost, 
Lower  Manufacturing 
Cost 


Reduced  Life  Cycle 
Cost 


Small  Components 
In  Service 


$150-$300  M 
1990 


ISt  to  25t 
Weight  Recucwion 


Small  Extrusions  $2-$A  M SI  To  ICt 

Produced.  Major  Mill  + New  Mills  Weignt  Reduction 
Facilities  Req'd,  iggo 


Reduced  OeUll  Cost  1978  - 1979 


1978  - 1979 


1932  Production 
Status 


In  Work 


$6  Million 


J2  Million 
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TABLE  4.  r£CHA,SlCAL/EL£CTlRCAL  SYSTL“,S  AEVANCED  TECHNICAL  CONCEPTS 


TECWOLOCr 

CCNCEPT 

WHAT  IT  DOES 

DEVELCPKE.HT 

STATL5 

OETCLCP 
COST  A TIME 

TEC-VrCAL 
PAYOFF  PCTEHTTAL 

SECO'fCi’''  4 

CO.'.rrOL  Si  ST.  '’SCH. 

L0J-0P4  APU 

Provides  Substantial 
Weight  Reduction 

L'SAP'  Funded  Prog.  To 
Gev.  Gas  Gen.  A 
Other  Eculpment  - 
Low  Risk 

$.S  M - J1  M 

For 

l?80-85  IOC 

iWT  • lCO-500  lb 

Adv.  Integrated 
Actuators 

Reduces  Hyd.  Syst. 
Wt.  - Improves 
Actuated  Syst.  Suev. 
- Reduces  Fit. 
Control.  Surf.  WL 

Prototype  Hixre. 
Partially  Devel.  - 
Hedlin  Risk 

il  M - 52  M 
For 

1S80-85  IOC 

tUJ  • 70O-15C0  iQ 

Actuation  Control 
Signal  Transducers 
(Digital,  Fiber  Opt.) 

Improves  Fit.  Control 
Reliability  A Airplane 
Surv. 

In  Developrrent  - 
Low  Risk 

51  M 

1980-35  IOC 

AWT  - 150  lb 

Lt.  Weight  HI  oh 
Press  (SOOO  PSI) 
Hyd.  Syst. 

Reduces  Hyd.  Syst. 
And  Actuator  Weignts 

Liml  ted  Devel . 
Currently  - Med. 
Risk 

52  n 

1980-85  IOC 

-301  Syst.  Wt. 

VSCF  Permanent 
Starter/Genera  tar 

Coniilnes  Starter  A 
Gen.  Into  One  - 
Reduces  Wt. . Improve 
Power  Gen.  Eff. 

Presently  Being 
Dev.  By  G.E.  Under 
ISAF  Contract 

52  H - 55  M 
For 

1960-85  IK 

AWT~1S0  lbs 

ECS-SVtOMrCS 
COOUNS  SYSTm 

Adv.  Cooling  Cycles  - 
Closed  Loop,  Turbo- 
Ram  Air,  Positive 
01  sp.  Kach,  Secirc. 

Reduced  Bleed, 
Ramair,  Rqmts.  - 
Fuel  Heat  Sink 

Mew  Concepts  Show 
Slgnlf.  Reduction  In 
Operating  Penalty  - 
USAF/FDL  Has  Current 
Test  Prog.  To  Assess 
Positive  Dtso. 
Machines  4 Adv. 

ECS  Cool Ing  Pacs. 

51  M 
For 

1930  IK 

2-4*  SFC 
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TABLE  4.  «£CHANICAL/ELECTR!CAL  SYSTEMS  ADVAf.'CEB  TECHNICAL  CCSCEPTS  (CCNT'D) 


TECHNOLOGY 

CONCEPT 

WHAT  IT  DOES 

OEVELOP-ENT 

STATLB 

CEVELOPHENT 
COST  J TI^E 

LSNOfIG  OclP- 
BRiL-S  S'CTCH 

Llnl ted  Sun  - Closed 
Loop  Anti- Skid  Syst. 

- 

Reduces  Tirt  Skidding 

Breadb' d Phase  Of 
Oev.  - Eval.  On  Brake 
Control  Analoo  - 
Hardware  Simulator 

$.5  n 

For 

1530-85  ICC 

Active  Lndg.  Gear 
(Shock  Strut) 

Reduced  Airframe 
Struc.  Load  A Wt. 

♦ Wider  Operational 
CapabI 1 1 ty 

Studied  On  iJSAF 
Contract  For  TC-IA 

' 

U M 
■for 

1980-85  roc 

Active  Steering/Gnd. 
Handling 

Provide  Better 
Aircraft  Control 
O 

Study  Status  - 
No  Haroware 

J2  H 
For 

1980-85  IOC 

Air- Cushion  Lndg. 
System 

Operation  From  Un- 
lacroved  Fields- 
Reduced  Structural 
Loads  Better 
Floatation. 

Currently  Being 
Eval . On  Jlndlvlk 
And  Buffalo  In 
Flying  Kar^are. 
Eval.  Needs  Ext. 
To  Larger  A/P's 

S2  H-  S5  H 
For 

19S5  IOC 

Adv.  Carbon  Brakes 

Reduce  Brake  Wt. 

To  Less  Than  2/3 
That  Of  Steel  Brakes 

Currently  In 
Operational  Use  - 
Contamination 
Problems  i 
High  Operating  Costs 

S2  H - $5  M 
For 

1985  IOC 

?*rCFV?c'TlsT:  JL 


10?  Inorsve^J  I 

Length  Per*.  » 'c?  1 
Pegjction  in  Tire  | 
«aint.  Costs.  i 


100-200  Lb.  Wt. 
Seduction  * ■icer 
Operating  Sange 


Reduce  Maint.  «nd 
Repair  Costs  Due 
To  Yeerof's 


Reduced  Wt.  . Su.-.va/  ! 
Cost  Savings.  I 


Reduced  Brake  Wt. 
By  1/3  tr“uSC3  Lbs 


0 
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APPENDIX  G 
WEIGHTS  METHODOLOGY 

1.0  WEIGHT  ANALYSIS 

1 . 1 Prediction  Methods 

Parametric  and  point  design  weights  for  this  study  were  estimated  from  modi- 
fied parametric/statistical  methods  published  in  the  Boeing  document,  D6-15095 
TN  Rev  F,  "Guidelines  for  Mass  Properties  Estimating."  The  accuracy  of  the 
D6-15095-TN  methods  to  predict  weight  for  45  actual  aircraft  is  shown  in  Fig.l  . 
Weight  prediction  techniques  for  the  I.A.D.S.  type  of  airplane  were  computer- 
ized for  parametric  studies  and  integrated  into  the  performance  design 
synthesis  program  so  that  the  fallout  airplanes  could  be  mission  sized. 

Figure  2 is  a weight  summary  of  the  validated  model  1044-013  configuration. 

Weight  increments  for  the  double  arc  body  shape,  wing  struts  and  cryogenic 
fuel  containment  were  developed  fromdetailed  analysis  side  studies.  Para- 
( metric  weight  equations  to  cover  these  special  features  were  developed, 

computerized  and  used  appropriately. 

2.0  Advanced  Technology  Weight  Reduction 

The  fluence  of  advanced  technology  (1985  time  period)  was  applied  by  factor- 
ing current  technology  group  weights  in  the  following  manner; 


Factor  Applied  to  Current 

Group  Technology  Weight 


Wing  .895 

Horizontal  tail  .895 

f Vertical  tail  .395 

i Body  .963 

^ Main  landing  gear  .967 

Surface  controls  .781 

' Hydraulics  system  .700 
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These  factors  were  developed  from  consideration  of  specific  advanced  tech- 
nology that  was  considered  applicable  for  this  design  time  period  due  to 
current  industry  research  activities  in  the  following  areas: 

1)  Active  controls 

2)  Advanced  material s 

3)  Advanced  structural  arrangements 

4)  Improved  analysis  and  design  methods 

5)  Integrated  control  surface  actuators 

6)  High  pressure  hydraulics  system 

3.0  Trade  Studies 

Special  body  weight  trade  studies  were  conducted  in  order  to  determine  weight 
trends  for  varying  outside  contour  of  the  lower  radius,  design  differential 
pressure  and  number  of  cargo  pallet  lanes.  Preliminary  stress  sizing  calcu- 
lations were  used  to  establish  these  weight  trends.  Figure  2 depicts  the 
< method  developed  for  computing  weight  increments  for  a double  arc  cross 

section  with  varying  lengths  of  lower  arc  radii.  The  results  of  the  pressure 
differential  and  number  of  cargo  lanes  studies  were  compared  to  the  values 
developed  by  the  basic  fuselage  weight  prediction  method  in  order  to  make 
certain  that  the  weight  trends  for  these  issued  (developed  in  the  parametric 
studies)  are  practical.  As  a result  of  these  studies,  it  was  decided  that 
the  current  Level  I estimating  methods  for  fuselage  weight  prediction  were 
adequate,  but  that  a research  program  should  be  established  to  design  in 
detail  and  calculate  weights  of  a fuselage  for  a large  military  cargo  trans- 
port airplane  with  a double  arc  body  cross  section.  This  study  would  be  con- 
ducted after  the  final  cross  section  shape  and  payload  were  established. 


! 


Figure  ].  Body  Cross  Section  Weight 
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Figure  Z. 
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APPENDIX  H 


1.0  TECHNOLOGICAL  COST  GROWTH  INDEX 

The  1985  technology  airplane  was  priced  using  the  current  technology  airolane 
price  as  a base  and  factoring  it  for  technological  growth.  The  factor 
used  was  +10". 


This  factor  was  derived  from  an  analysis  that  placed  the  price  to  the 
government  of  a current  technology  fighter  (F-15)  about  25%  higher  than 
prior  generation  fighters.  The  earlier  fighters  were  represented  by  the 
present  Rand  airplane  cost  model. 

Transport  type  aircraft  do  not  progress  as  quickly  as  fighters  in  a 
technological  sense.  Our  analysis  indicates  that  transport  aircraft  may 
only  advance  at  40?o  of  fighters.  As  a result  a +10?^  factor  was  applied  for 
pricing  the  1985  technology  airplane. 

2.0  COMPOSITE  STRUCTURE  COST  FACTORS 

The  composite  airplane  was  priced  based  on  the  latest  Boeing  experience 
in  both  the  production  and  development  shops.  Cost  elements  were  individually 
analyzed  to  arrive  at  the  following  adjustment: 


Basic  Aluminum  Airplane 

Engineering  +30T  (hrs) 

Tooling  +20"  (hrs) 

Production  Labor  +10%  (hrs/lb  composite  struct 

Material  +250% (cost) 

Combined  with  a weight  reduction  in  MEW  from  581,000  to  536,000  pounds,  the 
above  adjustments  resulted  in  a net  price  increase  of  +20%  for  the  composite 
airplane. 
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